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FOREWORD 


The First Volume of this Manual was published in 1950. but various 
unavoidable and unforeseen diflSculties have hitherto prevented the publi¬ 
cation of the subsequent volumes. In presenting the Second Volume, I 
would like to add that every effort is being made to bring out the Third 
Volume more expeditiously. 

After the manuscript of the Manual was completed by the late 
Sir Edwin Pascoe, the geology of many parts of India has been revised on 
more modem maps and on aerial photographs, several investigations have 
been carried out afresh and new mineral bearing zones have been discovered. 
No attempt has, however, been made to incorporate the results of these later 
investigations in the present edition which is essentially the same as was 
originally written up by the late Sir Edwin Pascoe. 


B. C. BOY, 

Calcutta^ Director^ 

The 26th March 1 1959. Geological Survey of India. 




PREFACE TO THE THIRD EDITION. 

The First Edition of this Manual was issued in 1879, and the Second fourteen 
years later in 1893. The latter was compiled before the microscope came into 
prominent use for petrological purposes, and no edition has appearedsince. 
The present edition, long overdue, embodies more than fifty years’ additional 
work, not only by the largely increased staff of the Geological Survey of India 
but also by many unofficial investigators. The colossal size of the task of 
co-ordinating all this accumulation of work must be my plea for some at least 
of the shortcomings and omissions that seem almost inevitable. 

Certain portions of the text of the Second Edition have been incorporated 
with but slight modification, but the bulk of the present edition is entirely 
new. An attempt has been made to render it more a work of reference 
than a students’ text-book, since the latter is available in the form of 
Mr. D. N. Wadia’s execellent and well-known publication. An attempt to cater 
for the local geologist in India has played its part in swelling the volume of 
the work. This edition of the Manual makes no pretence of being more than 
it is—a compilation of the writings, mostly published, of a large band of 
workers, to all of which it would be a pleasure to pay tribute by name, did 
apace permit. One of the effects of a wise system of Mining Regulations has 
been to encourage unofficial geological' investigation in India and Burma, 
and oil companies and companies engaged in the exploitation of other minerals 
have for a long time past employed 4;heir own geological staffs for exploratory 
purposes, and many valuable papers have issued from the pens of such men 
as Mr. B. S. Pinfold, Mr. P. Evans, Dr. F. 6. Percival and Dr. A. W. G. Bleeck. 
In addition, a large number of academical workers have visited India and 
Burma from time to time, some of them for lengthy periods, and have made 
contributions to our knowledge of the subject in the Memoirs and Records of 
the Geological Survey of India, in the Transactions of the Mining and Geologi¬ 
cal Institute of India, and in other publications too numerous to mention. 
Dr. W. F. Smeeth and his colleagues in the Mysore Geological Department 
have in many ways modified our conceptions of the Archaean of Southern 
India. Dr. L. Dudley Stamps, at one time Professor in Rangoon University 
has contributed many original ideas on the Tertiary geology of Burma 
Colonel L. M. Davies, by combining geological field-work with his military 
duties, has added considerably to our knowledge of the Eocene rocks of the 
North-West-Frontier. Numerous eminent American authorities, among whom 
may bo mentioned Dr. W. D. Mathew, Dr. H. do Terra, Dr. G. E. Lewis, 
Dr. Barnum Brown and Dr. Colbert, together with a French geologist, 
M.L’Abb4 T. de Chardin of the Geological Survey of China, have made 
the study of Siwalik vertetrates and stratigraphy peculiarly their own ; their 
numerous published contributions to this subject have been freely cozusulted 
and used. The Italian expeditions to Kashmir and the Karakoram, and the 
various climbing parties, especially those to Mount Everest, have discovered 
many new facta and produced many new suggestions concerning the Extra¬ 
peninsular regions. One of the latest of these is a memoir by Messrs. 
Arnold Heim and Ganssar, containing some important deductions connected 
with Himalayan stratigraphy. Mr. Pinfold’s prolonged work on the oilfields 
of the Punjab has done much to assist in our correlation of the Eocene. 
Mr. P. Evan’s survey of Assam has laid the foundations of a proper conse. 
outive classification of the Tertiazies in that somewhat neglected province only 
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those who have suffered from its enervating and not too healthy climate, the 
denseness of its jungles and the frequent dearth of exposures, can appraise to 
the full the value of such an accomplishment. Among the many distinguished 
palaeontologists who have from time to time lent us their valuable assistance, 
the two most prominent names are those of Dr. Cowper Reed of Cambridge 
and Dr. L. F. Spath of the Natural History Museum, South Kensing¬ 
ton. The former has been associated with the Geological Survey of India for 
BO may years and has contributed so many valuable memoris to the “ Palasonto- 
logia Indica ”, that he is justly esteemed by all officers of the department as 
the doyen of Indian palasontology. Dr. Spath *s monumental works on the 
ammonite faunas of India have also left us in his debt to an extent which it 
would be difficult to exaggerate. In addition, we may pay grateful tribute to 
such well-known names as J. W. Gregory, F. L. Kitchin, P. Martin Duncan, 
W. P. Sladen, C. Diener, E. von Mojsisovics, A. Bittner, V. Uhlig, K. Redlich 
R. 2Seiller, Sir Albert Seward, Sir Arthur Smith Woodward, B. Sahni, Miss 
E. Healy, M. Cossmann, G. Pissaro, S. S. Buckman, H. Douville, E. Spengler, 
C. Forster Cooper, L. R. Cox, Miss H. M. Muir-Wood, W. L. F. Nuttall, 
C. A. Matley, L. Rama Rao, J. jpia, J. A. Douglas and W. B. R. King. 

To my colleagues of the Geological Survey of India I am indebted, not 
only for the innumerable published papers which have furnished the founda¬ 
tions of this book, but for more direct help in criticism and sugges¬ 
tions regarding the text itself. Especially have I to thank Dr. J. Coggin 
Brown, whose unstinted assistance has done much to improve the accuracy and 
complete the scope of the chapters on Burma: his unrivalled knowledge of the 
geology of that former province of the Indian Empire has been generously and 
unreservedly placed at my disposal. The chapters on the Upper Tertiary 
are greatly the better for the expert scrutiny of my colleague Dr. G. E. Pilgrim, 
to whose ungrudging help I gratefully testify. To Sir Lewis Fermor, Dr. 
A. M. Heron, Dr. J. A. Dunn and Dr. W. D. West I am deeply indebted for 
opinions and criticism concerning the chapters on the Archsean. To Dr. 
W. D. West, and Messrs. J. B. Auden and D. N. Wadia I am grateful for 
help in connection with Himalayan stratigraphy and tectonics. I have also received 
much assistance from Mr. E. R. Gee upon the stratigraphy of the Salt Range 
from Dr. H. Crookshank upon the Deccan Trap, and from Dr. M. R. Sahni 
concerning fossil nomenclature. Dr. B. Sahni’s publications on Gondwana 
plants have formed the basis of much of the text on this subject. Dr. J. A 
Dunn has been kind enough to revise the chapter on the Archasan of Singhbhum 
in the light of some very recent discoveries of his own—discoveries which 
have removed some deep misgivings in my own mind concerning some of the 
statements previously published regarding the rock relationships of that region. 
To Dr. A. L. Coulson I am indebted for suggestions regarding the chapters on 
Rajputana and the section on the Cuddapah rocks of Madras. To Dr. M. S. 
Krishnan I owe acknowledgement for general help as well as for suggestions in 
coimsotion with the geology of Gangpur and neighbouring parts. I thankfully 
acknowledge assistance from Dr. L. F. Spath of the Natural History Museum 
South Kensington, regarding the axnmonites and classification of the Lower 
Trias, and from Colonel L. M. Davies* for corrections and suggestions concerning 
the text dealing with the Palcsocene and Eocene. Finally, I must not omit to 
acknowledge the constant help derived from Sir Thomas Holland-e memoir on 
Indian Geological Terminology (Mem. LI, Pt. 1, 1928), which with few excep¬ 
tions has been followed, and from Mr. La Touche’s various indexes. 

In a book of this kind it is sometimes difiScult to decide to what extent it 
is justifiable to allow one’s views to outweight those of others. Two alterna¬ 
tive methods of procedure present themselves in the very numerous cases where 
doubt exists as to the precise conclusion to be drawn from the available 
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evideiioe. On the one hand, the author can select the view which in his 
judgment deserves support and adopt it, with or without a word of caution 
to the reader: on the other hand, he may choose to lay the facta as fully as space 
permits before the reader and leave him to make his own conclusions. The 
former is the one adopted by most text-books, since condensation demands it, 
the result often being a too definite picture which has earned the term of “ text- 
booky At the same time, the second method leads to greater prolixity and 
to a less connected and less readable story. In this work I have attempted a 
compromise between the two, reverting more often perhaps than the majority 
of text-book writers to the second method. 

For the constant repetitions in the text I feel no apology is necessary. They 
have been allowed to remain for what is often referred to in correspondence of an 
official nature as “ easy reference Chapter headings have given some trouble 
but I have chosen the terminology of the European sequence even when the cor¬ 
relation is doubtful or not completely dimensional, rather than the use of local 
names which would mean nothing to readers unacquainted with Indian geological 
formations. The use of capital letters will more or less explain itself. As 
examples, “ Deccan Trap so written, is a suite of rocks including ashes and 
other forms of volcanic material as well as inter-trappean sedimentaries belonging 
to that suite. “ Deccan Trap ” is a trap rock belonging to the Deccan Trap suit. 
“ Berach granite ** is a Granite found in the Berach river. “ Bundelkhand Granite” 
is a granitic suite with a definite systematic position. 

To facilitate their location, the latitude and longitude of all lesser-known 
places will be found after their names in the index at the end of the book. The 
spelling of names, always a difficulty in countries using an alphabet different 
from that employed by most European nations, is in nearly all cases that adopted 
as a standard by modem official gai^etteers as regards place names not men¬ 
tioned in those publications, the spelling used is that on the latest maps of 
the Survey of India where these are available. Where advisable, obsolete or alter¬ 
native spellings are given in brackets. Where an Indian place name has been 
used to distinguish a geological ^rmation, it has been the custom of the 
Geological Survey of India to adopt the spelling used by the donor of the name 
to the formation, whether it conforms to the gazetteer spelling or not. This 
leads sometimes to different ways of spelling the same word but, although the 
artificiality of such a convention grates somewhat on the senses and although 
the risk of ambiguity is not entirely removed by its use, the practice has been 
followed in this work, in order to avoid what might result in still worse confusion. 
The spelling of the names of geological subdivisions has, in fact, in nearly all cases 
been that adopted in Sir Thomas Holland’s ” Indian Geological Ter¬ 
minology ”, published as Part I, Volume LI, of the Memoirs of the Geological 
Survey of India. 

The geological map accompanying this text has been compiled, with a few 
corrections, from the fifth edition of the 32-mile map published by the Geological 
Survey of India in 1928. The preparation of the text-figures and plates has been 
kindly superintended by Dr. Coulson and later by Dr. West and Dr. P. K. Ghosh 
to whom I am further indebted for this assistance as well as for much laborious 
work connected with the printing. 

Earthquakes have been discussed 4n so far as they throw light on tectonic 
problems. Mineral springs, of which India can boast a large number, have 
received brief attention, but a description of Indian meteorites, of which an 
unusually fine collection may be found in the Indian Museum in Calcutta, has 
been omitted as being outside the terms of reference. 
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I hftve taken the liberty of using the words “ mylonise ** and ** mylonisation ” 
instead of mylonitise and mylonitisation, on the gounds that the noun mylonite 
is subordinate to the verb expressing the process which produced it. 

EDWIN H. PASCOE, 
Fallows Green House ”, 

Haipenden* 

27th January^ 1939. 


The war of 1939 commenced when the work was nearing completion and had 
reached the revision stage. Final revision has, in consequence, been carried out 
under great difficulties. In spite of the fact that more than half of the book had 
been set up in type when Japan entered the war, its publication had to be post¬ 
poned on account of paper shortage. The type—tons of metal—was broken 
and melted for munitions purposes. The evacuation of libraries from London, 
difficulties in travelling facilities and other factors resulting from war conditions 
have made it impossible to bring the text completely up to date ; nevertheless, 
some additions and a few modifications have been attempted. 

EDWIN H. PASCOE, 

“ Fallows Green House ”, 
Harpenden. 

19th Avgust, 1944. 


I am sincerely grateful to the Burmah Oil Co., and more specifically to their 
Chief Geologist, Mr. P. Evans, for much valuable assistance in bringing up to date 
the Tertiary portion of the geological map published with this work. 

EDWIN H. PASCOE, 

“ St. Nicholas * Lodge ”, 
Harpenden. 
12th Febntary, 1949. 
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THE LATE SIB EDWIN PASCOE 


It is with great regret that I have to record the death of Sir Edwin Fascoe 
on the 7th July, 1949 before the first volume of this work coidd be issued from 
the press. 

Sir Edwin began the task of writing the third edition of the Manual in 1933. 
After devoting seven years to the work, he finally submitted the manuscript of 
the three volumes at the end of 1939. Unfortunately the extreme shortage of 
paper in India during the war made it impossible to print even the first volume, 
although it had been set up in type. The type was distributed and it was not 
until the end of 1946 that the press could once again take up the work. In the 
interval Sir Edwin thoroughly revised the text of volume I and II, corrected all 
the proofs of volume I, and had completed the correction of the galley proofs of 
volume II when he was taken seriously ill. 

Volume III, still in manuscript, was only partly revised. It is considered, 
however, that it will be best to publish it as he left it, and it will be sent to the 
press without further revision. Volume TV, consisting of general and geographical 
indexes, was started by Sir Edwin, but no trace of it could be found after 
l^is death. 

Though Sir Edwin did not live to see the publication of his great work, it 
will long remain a testimony to the industry and scholarship that he devoted to 
its makmg over a period of 16 years. 


Calcutta, 

The 28th October^ 1949, 


W. D. WEST, 
Director^ 

Geological Survey of India. 
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Land barrier between the north and the south.— The land barrier 
which is believed to have separated a northern from a southern sea during the 
Cuddapah period, persisted into that of the Vindhyan, whose rocks, by the varia¬ 
tion of their facies and if rightly equated, make the presence of this great tongue 
of land somewhat more recognisable. This barrier divides the great northern 
Vindhyan basin from one to th© south embracing the Kurnool, Bhima, Sullavai 
and other formations, all of which, from their position in the geological sequence 
and their lithological character, are, with much uncertainty, referred to the Lower 
Vindhyan. This ancient divide is, as we have seen, a ridge of gneiss which to 
the west forms the well-raised base of the basaltic plateau of Deccan Trap 
throughout the districts of Mandla, Seoni> Chhindwara and Betul, and to the 
northeast gives rise to the highlands of Chota Nagpur. Interrupted by Gond- 
wana deposits stretching across from the Son to the Mahanadi, the gneissic ridge 
^tends in a direction generally E.N.E.-W.S.W. or N.E.-S.W. At first sight 
its approximate parallelism to the distant Aravalli chain might be taken as a 
suggestive indication of the physiographical and tectonic trend during the Cud¬ 
dapah and Vindhyan periods ; the Aravalli strike, however, splays out to the 
south, and there is good reason to believe that one branch swings round towards 
the east and becomes continuous with the strike of the old rocks along the flank 
of the gneissic ridge. The marginal disturbance noticed along one of the boun¬ 
daries in many of the Purana basins is to be seen along that edge of the main 
Vindhyan basin which occupies the Son valley, and locally, along the boundary of 
the Bhima basin. Commencing with the southern side of the ridge, the best known 
of the areas now to be considered is that of Kurnool and, although farther from 
the land barrier than the others, it will be described first as the type area of what is 
regarded uncertainly as the southern Vindhyan sea. 


KURNOOL SERIES, MADRAS. 

General Position. —^In the type area of Madras, the outcrop of the Kurnool 
series except in the neighbourhood of the town after which it has been named 
lies entirely within the open basin of the Cuddapah system. Here the beds are 
found in two separate areas, the larger of which occupies the whole of the Kunderu 
(Kundair) valley and stretches beyond the Kistna, while the smaller lies to the 
northeast in the district known as the Palnad. The series lies unconformably 
upon the Cuddapahs and reaches a total thickness of only 1,200 feet, which is less 
than that of the smallest series of the Cuddapahs. Along the east side of its 
outcrop, it has felt the full effects of the disturbance which the underlying 
Cuddapahs have suffered and which seems to have persisted spasmodically through¬ 
out the Cuddapah, Kurnool and following epochs, and may possibly have been 
rejuvenated in much later times. That the movement which produced such dis¬ 
turbance was hot all post-Kumool in age is definitely illustrated by an old fault, 
in the Cuddapah rocks which Coulson^ has shown, has not affected the overlying 
Kurnools. 

^ Relationships and snbdi?ision.-— There is a lithological resemblance, 
between the Kurnools and the Lower Vindhyan of the Son valley and indeed, if 
the volcanic rocks of the latter be ommited, the sequence in the two cases is generally 


»i2ec.. LXVI, 438 (1932). 
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comparable—a sandstone and conglomerate stage at the base, followed by two 
principal limestone horizons separated from each other by shales and sandstones.^ 
Ihe Kurnool series is mainly a limestone formation with subordinate bands of 
sandstone and shale, and was divided by W. King into the following stages* 
at Nandial:— 


Kundair (Khoond-air) stage 

Panniam (Pancum) stage 

Jamalamadugu (Jummulmiidgoo) stage 
Baiiganapalli (Banaganpill 3 ') stage 


^Nandyal (Nandial) shales. 
I^Koilkuntla (Koilkoontla) limestone 
Pinnacled quartzites. 

Plateau quartzites, 
f Auk (Owk) shales. 

Narji (Nerjee) limestones. 
(Sandstones). 


BanganapalU stage. —The Banganapalli stage consists of dark red, grey 
or l)rowu sandstones, generally coarse, often earthy, and occasionally felspathic 
or ferruginous. Pebble beds are frequent, the pebbles being small and numerous, 
and composed of quartzite and variously coloured cherts, jaspers and hardened 
shales derived from the cherty shales of the Cheyair series of the Cuddapah, on 
which the Banganapalli stage generally and unconformably rests. The basal bed, 
often a quartzite, can Ijc seen lying unconformably upon at least three of the 
different series into which the Cuddapahs have been divided. The beds of the 
Banganapalli stage differ in no important respects from beds of the same kind in 
the underlying Cuddapahs, such as the Gulcherus and Pulivendlas, but are dis¬ 
tinguishable therefrom by their position. Their thickness may rise to 70 or 100 
feet, Imt is seldom more than 20 feet; often it is reduced to 4 or 5 feet. 

Diamond fields.—The Banganapalli beds are of interest as being the principal 
source of the diamond in the Cuddapah basin, and are in this respect comparable 
to the Tirohan breccia of the Lower Vindhyan deposits of Bundelkhand, in 
another Indian diamond field, namely that of Panna. The gems, however, 
are thought to have been derived and resorted from the trap sills intrusive into 
the Vaimi)alli and Cheyair scries of the underlying Cuddapah system. One reason 
for this suggestion is the similarity of the rock of these Cuddapah sills to the 
decomposed basis rock found at the neighbouring diamond-bearing locality of 
Wajra Karur in the Anantapur district (see p. 365)*. A similar primary deriva¬ 
tion has been deduced in the case of the Bundelkhand gems. 

In many places on or near rocks of the Kurnool series, diamonds have been 
collected in surface gravels, and stones are from time to time turned up by the 
plough. One of the latest finds, a diamond one inch long, half-an-inch wide and 
a quarter-of-an-inch thick, was picked up in 1935 about fifteen miles northeast 
of Wajra Karur by a cultivator.**. At Banganapalli, workings are carried on in 
the solid rocks. Shallow pits, not more than fifteen feet deep, are sunk in the 

lAuden suggests that the Kurnools should be equated \\ith the upper half of the Upper 
Vindhyan (Mem. LXIl, ^47 (1933)). 

* Mem. VIII, 39-40 (1872). 

»(?en. Rep., Rec., LXVII, 28-29 (1933). 

^Oen. Rep., Ree., LXXI, 39 (1936). 
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rock, which is hard and quartzitic at the surface, but soft and easily worked under¬ 
ground. Short galleries are driven in the diamond layer at or close to the base 
of the stage, where the gems occur in some of the more clayey and pebbly horizons. 
A noteworthy feature is the perfection of many of the crystals; but the detrital 
nature of their immediate origin is deduced from the character of the rock in which 
they are found. In their detrital derivation they resemble the gems of the Wi^ 
watersrand area in South Africa. A concentration of the diamonds within certain 
areas has been reported in the case of southern India. Besides those in the neigh¬ 
bourhood of Banganapalli, serveral other rock-workings in the Kurnool district 
have yielded stones of value in the past. 


Qolconda, although a name with which the Indian diamond industry has been 
historically associated, never possessed any diamond mines but was merely a mart 
at which stones were sold or bartered. Mention of a trade in Indian (fiamonds 
dates back to the time of Ptolemy, and even further still in the Hindu classics, 
and export of the stones is said to have begun about 500 B.C. The earliest detailed 
description of the mines came from the pen of the Portuguese physician Garcia 
de Orta in 1565. As a dealer in precious stones Jean Baptiste Tavernier visited 
the Indian diamond fields in the middle of the seventeenth century, at which time 
the buying and selling of diamonds was conducted by young children. India 
practically held a monopoly in this industry until the discovery of these gems in 
South Africa and Brazil; the production in India is now insignificant. 


There is little doubt that all the famous diamonds of antiquity must have come 
from India. The Kollur mines of the Guntur district in the year 1645 employed 
close upon 60,000 persons. It was from these mines that the Great Moghul diamond 
is said to have been derived; in the rough it is reported to have weighed 900 ratis 
(787J carats), but is said to have been reduced in the process of cutting to 280 
carats. The “Great Moghul” was shown to Tavernier in 1665. It has been suggest¬ 
ed that the K.oh-i-nur, brought to England and presented to Queen Victoria in 
1850 by the East India Company, was a portion of the mutilated Moghul stone, but 
it seems more likely that the Great Moghul is the diamond now in the treasury of 
Teheran. According to one story, the “ Great^ Moghul” was given to Prince 
Humayon by the Rajah and people of Gwalior as a thanks-ofifering for having 
saved their lives and property from his soldiery during Baber’s invasion of Hindus¬ 
tan. Another account affirms that it was presented to the Emperor Shah Jehan 
in 1656, but this stone is more likely to have been the ‘‘Shah”, a diamond with 
a yellowish water. A. Fersman identifies the “ Great Moghul ” with the “Orlov” 
diamond in the sceptre of the Russian Czars ; whatever its origin, the latter gem 
of just under 195 carats of a beautiful pale bluish green tint, and one of the fij^est 
diamonds ever seen, is reported to have been stolen from a temple in Mysore, 
and to have been buried in a man’s leg for six months. The ancient cutting of 
this stone remains intact. The crystal which gave birth to the Orlov is estimated 
to have been a rounded dodecahedron weight about 350 carats. The Eoh-i-nur 
is the principal jewel in the crown which was used for the coronation of Queen 
Alexandra. The ill-omened “ Hope ” diamond, perhaps a portion of a 112-carat 
stone found at Eollur and brought to Europe by Tavernier, had a steely greenish 
blue lustre; the other part of the parent stone, a 67-carat diamond, was stolen 
from the French crown jewels during the Revolution. The “ Pitt ” or “ Regent” 



Chap. XIV.] pubana ob bably PALjEozoio 489 

diamond, which figured in the State sword worn by Napoleon and is now in the 
Louvre, is said to have come from the Kistna district; its original weight of 410 
carats was reduced by cutting to nearly 137 carats. The “ Pitt ” and the ** Sancy 
diamonds were also stolen during the French Revolution, but both were sub¬ 
sequently recovered. The “ Sancy ”, a smaller stone, came into the possession 
successively of Charles the Bold, De Sancy, Queen Elizabeth of England, Queen 
Henrietta Maria, Cardinal Mazarin and Louis XIV. The ” Shah ” diamond 
(“ Moon of the Mountains ”) one of the jewels in the Russian crown, came from 
India and bears three Persian inscriptions, the oldest of which refers to Burhan 
Nizam-Shah II who was Regent of the province of Ahmadnagar and is dated 
1000 (1591 A.D.); the second inscription names Shah Jehan, Son of Jehangir 
and is dated 1051 (1641 A.D.); while the third records Kajar-Fath’ali-Shah Sultan, 
1242 (1824 A. D.), Shah of Persia. It seems highly probable that the “ Shah ” 
diamond formed part of the treasure which fell into the hands of Akbar at the 
conquest of Ahmadnagar, now a district in Bombay, in 1595. It is said to have 
been part of Nadir Shah’s loot from Delhi in 1738. {Bull Acad. Sci. Russ., 1922, 
p. 451, note and 1926, p. 1.) Its final passage from Persia to Russia was carried 
out to placate the Czar for the murder of a Russian diplomatic agent in Teheran 
in 1829. 

Several smaller diamonds in the Russian regalia must have come originally 
from India, judging from their Hindu mode of cutting. 

Jamalamadugu stage. —The Jamalamadugu stage takes its name from a 
large village on the west side of the Kunderu valley. The Narji limestone of this 
stage rises in terraces, to which the Banganapalli beds form an outer fringe. It 
is finely crystalline or compact, generally blue-grey, sometimes nearly black, and 
occasionally of a pale buff colour. The non-compact, crystalline variety is some¬ 
what siliceous in composition. The blue variety, which is crystalline and compact^ 
weathers with surfaces resembling certain corals. An inferior lithographic stone 
used to be obtained from these beds, but the rock is now employed chiefly for 
building purposes ; it is quarried near the railway at Narji village, by which name 
the stone is commercially known. West of Banganapalli, this limestone sub¬ 
division is about 400 feet thick, but thins out to the north and south. Around 
Kurnool it rests on the gneiss, where it becomes cherty and brecciated in a peculiar 
manner. It is regarded as a shore deposit, lying upon the grits of the Bangana¬ 
palli stage or overlapping them and lying directly upon the gneiss or granite. 

The Narji limestone passes up gradually into buff, white and purplish shales 
well seen near the village of Auk. The maximum thickness of the sub-stage is 
50 feet. Occasionally thin discoidal bodies of a dark-brown colour, about -^^th 
or I th of an inch in diameter, are observable on the surfaces of the shale laminae^ 
but have so far resisted attempts at identification. 

Paniam stage. —^Between the open Kunderu valley and the western ranges, 
there are in the Kurnool district some low fiat hills, such as the plateaux of 
TJppalapadu (Upalpad) and Undutla. These low plateaux are composed of a 
sandstone or quartzite locally intercalated amongst the members of the Kurnool 
series and known as the Faniam stage after the town of that name. The greatest 
thickness of the stage is only 100 feet and it disappears altogether to the north 
and south, nor has any sign of it been observed on the eastei^ edge of the basin. 
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An upper subdivision of this stage, formed of firm white sandstone, has been 
distinguished under the name of the ** Pinnacled quartzites'' from its mode of 
weathering. The lower beds of “ Plateau quartzites ** are coarser, more earthy 
and’ferruginous, occasionally conglomeratic with pebbles and clay-balls ; they 
rest conformably upon the Auk shales. 

Eundair stage. —In a basin of slightly disturbed strata, the uppermost group 
naturally covers the largest area, and so the Eundair beds occupy the whole 
valley of the Eundair of Eunderu. There is a thickness of from 500 to 600 feet. 
The upper two-thirds, consisting of purple calcareous shales and eathy lime¬ 
stones, and distinguished as the Nandyal shales, pass insensibly down into 
purer, compact, cryptocrystalline, flaggy limestones, known as the Eoilkuntla 
band, in which are found numerous discoidal markings of from half-an-iiich to 
two inches in diameter, and small papillae resembling cast of Cypris, The 
town of Guddapah and all the large villages in the centre of the valley lie upon the 
Nandyal shales. Here the rock is soft and crumbling, but to the south and east, 
on the margin of the mountain region, these uppermost beds of the basin are quite 
slaty, being cleave and contorted proportionally with the underlying formations. 
As in some of the Guddapah subdivisions, the lithological character of the Kundair 
stage changes to the northwest, and in the proximity of the gneiss the Eoilkuntla 
beds are described as shore deposits, which, it is thought, never extended much 
beyond their present boundary. 

The Palnad. —In the flat basin of the Palnad, there is a large exposure of 
limestones which are believed to be of Eurnool age. In the southwest corner the 
various stages of the series can be recognised, in most cases with ease. Red or 
purple calcareous shales olverlying earthy blue limestones represent respectively 
the Nandyal shales and the Eoilkuntla limestone. These beds overlie quartzites 
which answer very well to the Plateau quartzites of the Paniam stage. Beneath 
the latter are obvious representatives of the Auk shales and the Narji limestones. 
Beneath these again come traces of quartzites, sandstones and congolomerates, 
answering to the Banganapalli stage; these beds in places have been worked for 
diamonds. The Pinnacled beds have not been recognised and the lowest quartzites 
are easily confused with the quartzites of Guddapah age (Kistna series) on which 
they rest. Diamonds appear to be restricted to quartzites immediately under¬ 
lying the limestone, from which it seems reasonable to infer that the quartzites 
belong to the Banganapalli stage. 

The leading structural character of the Guddapah basin is maintained in the 
Palnad. On the west side the strata are comparatively undisturbed, while on the 
eastern border they are cleaved, foliated and contorted, and appear to be overlain 
by a natural ascending sequence of shales, limestones and quartzites which may 
be either an inverted repetition of the Eurnool stages enumerated above, or newer 
stages of the Eurnool series. 

A third outlier. —^A third but very small outlier of the Eurnool—the 
Veludurti outlier is to be seen within the same Guddapah outcrop, about ten miles 
southwest of the edge of the Palnad exposure at the great bend of the Kistna.^ 
These beds include the Narji limestone lying nearly horizontally and apparently 
quite conformably upon the quartzites of the plateau through which the river 
£ow8 in that region. 


lEing. Mem. VIII, 109 (1872). 
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BHIMA SERIES OF HYDERABAD AND SOUTHERN BOMBAY. 

Position and rolationsbips. —On the northwestern border of the Cuddapah 
basin, the Kurnool deposits overlap the stages of the Cuddapah formation upon 
whieh for the most part they rest, and lie. upon the gneiss for a short distance 
up the Kistna valley. Seventy-five miles further in this northwesterly direction 
there is another area of rocks having a strong likeness to the Kurnool deposits, 
lying within the Gulbarga district of Hyderabad and continuing at its south¬ 
western end for a few miles into the Bijapur district of the Bombay Presidency. 
These deposits rest throughout their entire southeastern border, for more than a^ 
hundred miles immediately upon the gneiss, while along their entire north- 
westenx border they are covered by the Deccan Tra]>. The outcroj) of this series 
commences some eight miles to the eastward of the extreme northeastern corner 
of the Kaladgi basin, but the rocks differ considerably from the Kaladgi rocks.^ 
The wi<lth of the basin thus exposed is exceedingly variable, both boundaries being 
very irregular in outline its maximum, about twenty-five miles, occurs where the 
river Bhima crosses the outcrop nearly at its middle. This Bhima series is nowhere 
in contact with the Kaladgis, but its similarity to the Kuruools leads us to c(»nclude 
that it bears mwch the same relatiojiship to the Kaladgis as the Kurnools do to 
the Cuddapah beds. 

Subdivision. —The Bhima series is mianly a limestone formation >v'hich, in 


the central portion of the basin, has been subdivided as follows :— 

Upper — (in feet.) 

(g) Red calcareous shale.30 

(/) Flaggy limestone beds ......... ? 

(e) Buff shales .......... 18 

(d) Quartzite (sandstone) ........ 200 

(r) Limestones— 

(iii) Bluc,thick-bodded,splintcrylimestone,brecciatedinpart . 200 

(ii) Thin-bedded limestone with chert ...... 20 

(i) Blue and grey,splintery limestone, occasionally brecciated . 200 

Lower — 

(/>) Purple, red, drab and dark grecen shales, with calcareous flags at 

the top ........... 100 

(a) Sandstones or quartzites, and conglomerates ..... 90 


Lower division. --It is principally in the southwestern part of the area that 
the bottom arenaceous beds are develo})cd to any extent. The pebbles of the 
,conglomeratic bands were evidently derived from the degradation of the adjacent 
gneiss, upon a very uneven surface of which the Bhima de])osit3 w’ere laid dowm 
this floor rock furnished the quartz and red fels])ar which make up tlie 
bulk of the pebbles, many of which in the case of the latter mineral 
occur in broken angular pieces so little rounded as to give the bed more 
the appearance of a breccia. In the eastern border of the basin, the 
basement bed at one spot is a brown pebbly conglomerate with rolled 
pebbles of quarts and gneiss, and among them a rolled fragment of material 
resembling silicified wood or bone was found. These basal beds were deposited 

iR Bruce Foote, Mem., XII, 139 (1876). Man., 2nd Edit., 87 (1893). ~ 
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in shallow water on an uneven floor of the gneiss, in some cases around the base of 
low gneissic islands in the Bhitna sea this is shown by the very winding outline 
of the boundary between the two kinds of rock, and by the occurrence of gneissic 
inliers which, in places, can be seen protruding far above the base of the sedimentary 
series, rising in large hummocks upwards of a hundred feet high from among the 
shaly sandstones, and actually towering over the level of the limestone plateau 
close by. Some of these inliers are found near the margin of the Trap, and there 
is thus no presumptive evidence that the sedimentary Bhima basin extends far 
beneath the lava. The actual basement bed is sometimes a gritty sandstone 
instead of a conglomerate, but the latter type is on the whole predominant. The 
sandstones are somitimes rippled, and occasionally approximate quartzites in 
texture. One of the flaggy varieties has been used in the construction of the fine 
group of ancient dolmens standing half-a-mile west of Bazuma Kolur (Rajan 
Kollur), and some of the grits have been employed in the manufacture of pre¬ 
historic millstones. 

Diamond beds. —At Bachimali, the extreme eastern point of the southern 
expansion of the Bhima basin, there is a basem3nt pebble bed much resembling 
the diamond layers of the lower Kistna, valley. It is much broken up by small 
pits, as if at one time it had been searched for diamonds, but the only reference 
to such an occurrence seems to be one by the old French traveller, Tavernier, who 
mentions the existence of diamond mmes near Bijapur, a town over fifty miles 
away. 

Shale state. —The purple and green shale stage is well seen at the eastern 
end of the Tirth plateau, as well as to the southeast of Talikot and along the road 
from that village to Sorapur. 

Overlap of the Upper over the Lower division. —Although the purple 
and red shales appear to graduate upwards into the limastones of the Upper sub¬ 
division of the series, a well marked and extensive overlap of these limestones on 
to the gneissic rocks along the southern boundary of the basin, east of Kembhawi, 
indicates either a break in time between the deposition of the calcareous shale 
forming the top of the Lower subdivision and the limestone stages of the Upper 
or a rapid deepening and extension northeastwards of the sea in which the Bhima 
rocks were laid down. 

Upper division —The lowest and by far the most important stage of the 
Upper Bhima group includes the Talikot limestones, largely exposed at and 
around the town of the Talikot in the western part of the Bhima area, and still more 
extensively along the Bhima valley and its tributary, the Kogni. The rock is, for 
the most part, fine in grain, and has a texture approaching that of lithographic 
stone. Orey is the prevailing colour, but drab and pink tints are common, and 
other colours occur. The rock is found generally in flaggy beds and is used almost 
exclusively as the local building material. Only about 80 feet of this stage are 
present near Talikot, but farther to the northeast additional higher horizons come 
in and greatly increase this estimate. The quartzite or sandstone of the Upper 
Bhimas is quite a local intercalation, so that in some sections the succession is 
almost exclusively made up of limestones. The limestone breccia of Yeddihalli 
is so much at variance with the pelagic character of the limestone which in the 
immediate neighbourhood forms the tesement of the Bhima series, that the patches 
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in wUch it occurs are thought to be remnants of a former spread of the Kaladgi, 
rocks, in which such breccias are frequent. The Bhima limestones have been 
noticed in places to have assumed a white colour and a more crystalline texture 
when in contact with the overlying Deccan Trap. 

Along the northwest border, where the Bhima river emerges from the Trap 
area, the red and purple shales, which form the highest known member of the 
.Bhima series, are seen extending under the Trap. It is quite possible, therefore, 
that yet higher and younger members of the series lie concealed northw^estw’ards 
beneath the Trap. 

Disturbance. —The Bhima formation has undergone very little disturbance 
and the inclination of the strata rarely exceeds 5°. At a few places near the, 
boundary, some crushing and faulting have taken place, as for example at Gogi 
where the lowest beds are vertical. 

Relationship to the KurnooL— In vie^v of the open-sea conditions indi¬ 
cated by the limestones of the Upper Bhimas there is a suggestion that they were 
once continuous with the like rocks of the Kurnool area which 4f3re only some 
seventy or eighty miles distant to the southeast, and that they have been separa¬ 
ted tl^erefrom by denudation.^ Such a suggestion is borne out by the noticeable 
similarity in general sequence between the Kurnools and Bhimas. The Bhima 
series is undoubtedly the equivalent, more or less, of the Kurnool its uncertain 
correlation with the Lower Vindhyan rest upon its stratigraphical position. 


GODAVARI AND MAHANADI AREAS. 

Uncertain stratigraphical position. —Between the Kurnool and Bhima 
basins on the south, and the main Vindhyan basin on the north, there are numerous 
areas, some of them extensvie, in the Godavari and Mahanadi river basins, occupied 
by rocks belonging either to the Low-er Vindhyan or to the Cuddapah or to both. 
Like the Kurnool and Bhima basins, they lie to the south of the gneisaic land 
barrier mentioned at the beginning of this chapter. There is much doubt re¬ 
garding the precise geological position of thse successions which, in a general 
way, comprise an older arenaceous set of beds overlain by younger limestones 
and shales. Most of them have been described under the heading of Purana ; 
two of them are included in the present chapter, but all these ancient but post- 
Archaean occurrences need a re-survey. The Penganga beds of the Godavari 
basin (vide p. 371) were at one time classed as equivalent to the Kurnool or Low'er 
Vijidhyan. The Upper group of the Chhattisgarh basin, consisting of limestones 
Bnd purple shales (vide p. 375), was similarly dated by F. H. Smith* but, for no 
very strong reason, has also been included in this work under the heading of Purana. 
Ball referred the whole of the Chhattisgarh basin rocks to the Vindhyan. The 
presence of Lower Vindhyan rocks somewhere in the Barapahar hills, which con¬ 
stitute the eastern prolongation of the Chhattisgarh outcrop, is to some extent 


iDr. King, on the other hand, was of the opinion that the Kurnools belonged to a separate 
basin, round the whole bonndary of which he speaks of*' evidences of long shelving shores**, 
VIII, 122 (1872).) 

s^en. Rep. 1897-98, 44; lUd., 1898-99, 41. 
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rendered probable by the occurrence of diamonds in the bed of the Mahanadi as 
far up as Chandarpur. Bocks in the Barapahar hills were said by Ball to show 
a general lithological resemblance to the diamond-bearing Vindhyans of Panna 
State, Bundelkhand, as well as to the diamantiferous Banganapalli beds of Madras. 
The tradition of the presence of diamonds in the Mahanadi locality is an ancient 
one, and stones of 99 and 45 carats are reported. There is no record of diamonds 
from the Noagarh-Khariar plateau {vide p. 374). As already recorded, both the 
lower and upper groups of the Chhattisgarh rocks are traversed by dykes of basic 
trap which may be of Vindhyan age. The upper group of the Chhattisgarhs is 
itself not without lithological and positional resemblances to the Kurnools. 


SULLAVAI SERIES. 


Some moderate-sized outliers, consisting mostly of sandstone and quartzite 
on or near the banks of the Godavari and Pranhita in the Adilabad district of the 
Nizam’s dominions and the Chanda district of the Central Provinces, were desig¬ 
nated the “ Sullavai series ” by King, and referred to the Lower Vindhyan.^ 
There has always been considerable doubt as to this correlation, and actually these 
beds have more lithological resemblance to the Cuddapahs. The Sullavai beds 
are said to lie unconforinably upon the Pakhal scries and sections are recorded in 
which the former beds are said to rest almost horizontally upon the eroded edges 
of the nearly vertical Pakhalshales and quartzites. Over most of the area, liowever, 
indications of unconformity are apparently limited more or less to overla]>, and near 
Sullavai village there is a remarkable parallelism of dip and strike between the 
two formations. The thickness of the Pakhals is little more than one-third of that 
of the Madras, Cuddapahs, some of whose component series are separated fpm 
each other by denudation unconformity as well as overlap, so that the only serious 
objection to the Sullavais being a continuation of the Pakhal sequence and re¬ 
presenting higher Wizons of the Cuddapah, seems to be the local severity of the 
unconformity. Recently, Dr. Heron has expressed the view that the Pakhal and 
Sullvai may be but different facies of the same geological formation (private 
communication). 

The Sullavai series consists typically of a massive quartzitic sandstone and 
conglomerate with a few slaty beds, overlain by sandstones generally of salmon 
or chocolate colour, capped by a conspicuous series of thin-bedded and thicker 
bedded i>ebbly quartzites or indurated sandstones which weather in the peculiar 
and picturesque manner characteristic of the Pinnacled quartzites of the Kurnool 
series in its t 3 rpe area. In other respects there are considerable differences between 
the Sullavais and the Kurnools, There are, for instance, no limestones in the^ 
former while the latter is essentially a limestone formation; the sequence of 
deposits in the two areas is also dissimilar. The Sullavai beds have been recognised 
in the hills near Dewalmari on the Pranhita (Wardha) river, where a sandstone 
has been compared wuth that of the Chimur-Mul exposures, regarded as of 
Vindhyan age, east of the Wardha valley^ coalfield. 


^Mem., XVIII, pt 3, 77 (1930-reprint). 
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The thickness of the Sullavai series where best developed in the Dewalmari 
hills and in the western outcrop near Kapra is stated to be as follows^:— 


3. Kapra qiiartziteB and conglomerates 
2. Venkatpur salmon and chocolate sandstones 
1. Encharani quartzites .... 


Kapra. 

Dewalmari hills* 

(in feet) 

(in feet) 

100 

700 

200 

300 

^ 900 

600 

1,200 

1,600 


CHIMUR-MUL AREA. 

8omc sandstones in tlie region between Chimur (Chimmur) and Mul (Muhl) in 
the Chanda distnct of the ('entral Provinces, east of the Wardha (Prunhita) 
valley coalfield, were regarded by W. T. Blanford, as identical with the 
Sullavai beds of Dewalmari.® These sandstones are white and purplish iji colour, 
quartzitic in texture, and break with a distinct conchoidal fracture. They are 
described as being associated with a coarse more or less Iclspathic grit, which 
decomposes into a very soft rock easily mistaken for Damuda sandstone. Two 
small outcrops of these rocks are to be seen southwest of the main exposure, one 
about sixteen miles west of Chanda and the other commencing twenty miles south 
of the same town. In the former, several bands of conglomerate occur, contiiining 
pebbles of haematite, from wdiich the iron formerly made at Yenak was obtained ; 
one of these bands is in places nine feet broad. In the lattter area, which is within 
the Nizam’s Dominions and was mapped by King as Piikhal, the upper beds are 
also conglomeratic and all are more or less stained with iron.® Other still smaller 
inliers are recorded in the neighbourhood of Warora. As already noted, the lower 
Godavari and Pranhita valleys require geological re-investigation. 

THE VINDHYAN SYSTEM OF THE NORTHERN PART OF THE 

PENINSULA. 

Subdivision.-* The term Vindhyan, one of the oldest introduced b}’' the 
Geological .Survey of India, was adopted from the name applied by geographers 
to the scarped “ range ” along the north side of the Narbada valley, and was 
employed by Dr. T. Oldham in IS-'id to designate the great sandstone formation 
of Bundelkhand and Malwa. Throughout a large proportion of its border, this 
great sandstone formation is uncouformably relate to the ancient Archaean gneisses 
or the Dharwars (Bijawars of Gwaliors) but, along the eastward extension of its 
outcrop in Bundelklxand and the Son valley, as well as in the neighbourhood of 
Chitor and Jhalra Patan at the western corner of the basin, it rests with no visible 
discordance, except in the case of one or tw'o outliers, upon deposits of a much 
younger character. The latter, called alternatively the Semri series (Medlicott, 
1860 named after the Semri or Siamri river in Bijawar) or the Son series 
(Vredenburg, 1906), were soon realised to be nearly related to the great 
formation they underlay and, for this reason, were included as a Low’er 
division of the Vindhyan system, the overlying succession, comprising the Kaimur, 
Rewah and Bhander series, thus becoming the “ Upper Vindhyan 


iKing. Mem., XVIII, pt. 3, pp. 79,81 (1930-repriiit). 
. mid. pt. 3, 83 (1930-reprijit). 

•Jfem. XIII. 12, 13 (1877). 
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Opinions differ as to the suitability of this scheme, the main objection being 
the dispiropoxtionate sizes of the two divisions, for the maximum thickness 
of the Upper is between three and four times that of the exposed Lower. ^ 
Bevised schemes of classification have been put forward,* the* simplest and most 
recent of which is one by Auden^ who divides the system into four more or less 
equipartite series—the Semri, the Kaimur, the Rewah and the Bhander, in 
ascending order—and suggests the disuse of the terms “ Lower Vindhyan ** and 
“^Tpper Vindhyan*’. While accepting the above simple grouping, however, it is not 
proposed to discard the terms Lower Vindhyan and Upper Vindhyan* for the 
following reasons: (i) the terms have been in use for a long time (ii) although local 
unconformities have been noted at several horizons in the system, the discordance 
between the Upper and Lower Vindhyan, in the few places where it does occur, is 
somewhat more conspicuous ^111) although there was probably more than one 
alternation between marine and lacustrine or fluviatile conditions during Vindhyan 
times, the change from beds of a predominantly marine character to fluviatile 
deposits is definitely more marked and has more permanency at the dividing surface 
between the Lower Vindhyan, a strongly calcareous assemblage, and the Upper 
Tindhyan which is mainly arenaceous*; ^v) the Lower group is described as 
everywhere distinguishable from the Upper, the stages in the former being 
indefinite, inconstant, and characterised by flaginess, those in the Upper being 
thick-bedded, massive and unusually constant ; (v) in places abundant fragments 
uf Lower Vindhyan strata are observable in the lower stages of the Upper 
division* (vi) certain exposures, in other parts of the Peninsula, of rocks 
provisionally referred to the Vindhyan, have more in common with the Lower 
than with the Upper division of that system, both in facies, geological position 
and mineral content. Whatever scheme is accepted,there is much in favour of 
the essential unity of the system as a whole. 

Position and extent. —The shape of the great Vindhyan basin is that of 
an axe with its cutting edge coinciding with the boundary of the Archaean exposure 
of Bajputana and its haft curving eastwards along the Narbada and Son valleys. 
In the angle between the ** baft ** and the blade ** lies the broad tract of the 
Bundelkhand Uranite with its narrow fringe of Bijawars on the south and their 
equivalents, the Crwaliors, on the north . another smller outcrop of the granite 
curves round the blunt westerly tip of the “ axe **, The greater part of the 
blade ” is concealed beneath the Ueccan Trap of the Malwa plateau. To the 
north, the Vindhyans, as well as the Bundelkhand Granite, Aravallis and DeUxis, 
disappear beneath the alluvium of the Ganges and Jumna, and the limits of Vin¬ 
dhyan deposition in this direction are not ^own. From Sasaram in the east 
.at the proximal end of the haft ”, to Barwai in the west at the head or southern 


^ Unless we include the Jungle Shales {vide p. 380} with the Lower group, when the propor. 
tion would be nearer 2^ times. 

> £. Vredenburg, for example, suggested that the Lower Vindhyan (Son series), Keuah and 
Kaimur series should be united under the term** Ken"; according to this scheme, the Vin¬ 
dhyan system would be divided into the Ken subdivision below and the Bhander subdivision 
above. Aec., XXXIII, 258-269 (1906). 

s The two divisions have been differentiated (by a line) on the 32 inch geological map. 

* P. N. Datta, however, records sections showing a passage from the Lower into the 
Upper Vindhyan. Bee., XXIX, 77-79 (1896). 

SF. B. Mallet. ifem.,Vn,47 (1869). 
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corner of the bade ”, the distance is 530 miles but a small exposure of Yin* 
dhyan rocks at Jobat, about 90 miles west of Barwai, may mean that the basia 
extendeuas far as this spot beneath the Trap which cuts off the main exposure at 
Barwai. The length of the ” cutting edge ”, from Chitor to Fatehpur Sikri is 
about 240 miles, and the width of the ” blade ”, from the Archaean boundary of 
Bajputana to the Narbada valley, varies from 215 to 285 miles. The average 
width of the ” haft ” is about 50 miles and its length some 340 miles. The total 
area of the basin, including that part of it beneath the Deccan Trap of Malwa but 
excluding what lies below the Ganges-Jumna alluvium and any extension to Jobat, 
is little short of 70,000 square miles. There is no evidence of any of the lower 
Vindhyan sediments having completely covered the Bundelkhand Granite tract, 
but some of the younger Vindhyan may have done so; Upper Vindhyan beds 
extend northwards on either side of the granite underneath the alluvium. The 
Vindhyan system, even with the exclusion of its supposed equivalents in southern 
India, ranks third in superficial extent within the rock area of the Peninsula, and 
is inferior in this respect only to the Gneiss and the Deccan Trap. In most 
parts of the Peninsula, the disposition of the Vindhyan deposits, as well as of the 
preceding Cuddapah and, in places, of the later Gondwana sediments, has a 
definite relationship to the structure of'' grain ” of the Archaean complex without 
being always exactly coincident therewith. 

Conditions of Deposition.—Vredenburg has summarised the conditions 
under which the Vindhyan sediments, totalling some 14,000 feet or more, are 
thought to have been laid down.^ “ The formation of the synclinal trough in 
which the Vindhyans were deposited proceeded pari passu with their sedimenta¬ 
tion, so that, along the edges of the syncliue some of the older divisions became 
upheaved and exposed to denudation while sedimentation continued uninterrupted 
nearer the axis of the syncline ”. This explanation reconciles the indications 
of an apparently conformable sequence with the evidence furnished by the 
frequent occurrence in the Vindhyan conglomerates of fragments derived from 
a lower horizon of the same system. The conception put forward by Auden 
with regard to the main Vindhyan basin is that of alternating marine and 
fluviatile conditions, the latter predominating. Mallet's suggestion of estuarine 
deposition is considered inapplicable to the bulk of the Vindhyan beds, since such 
widespread development of sun-cracks, ripple marking, rain-pitting and red colour¬ 
ing as is found at so many horizons in the sequence implies'' exposure of whole areas 
to sub-aerial conditions rather than the limited exposure which would result from 
the difference between high and low tides along estuarine flats ”. For ” estuarine ” 
Auden would substitute the word **deltaic”, as regards the Son valley area, 
because the sediments as now seen suggest ”the dominance of ^fluviatile 
deposition filling up valleys, instead of the entry of the sea into incised and 
depressed valleys where fluviatile sedimentation would not be active The pre¬ 
vailing type of shale throughout the Vindhyan system is a sharply-bedded, flaggy, 
siliceous or sandy, sometimes micaceous shale of greenish or rusty tint; a purely 
argillaceous shale is rare, and in many cases the term mudstone is more 
applicable. 


i Bee.. XXXII, 268 (1906). 
* Mem., LXII, 221 (1933), 
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Over large areas there is no visible discordance between the Lower and Upper 
Vindhyan, and folding and erosion between the two periods seem to have been of 
a local character; local unconformities are also occasionally seen at other» horizons 
in the system. Nevertheless, the somewhat abrupt change from the limestone of 
the uppermost stage of the Lower division, to the sandstone at the base of the 
Upper, with its wind-rounded grains and tourmaline-content, marks the upheaval 
of a generally marine series and the commencement of generally a fluviatile one 
for, although there was subseque nt recurrence of marine incursion, as, for instance, 
towards the end of the period, it seems to have been more ephemeral. 

Age of the system —Doubtful impressions of organisms, some showing what 
might be indications of a skeleton or test have been recorded from time to time 
and some from the Suket Shales—which appear to be the uppermost stage of the 
Lower Vindhyan in the Rajputana State of Kotah—have received actual names. 
These remains, which are assumed to have been chitinons but are now carbonised, 
were collected by Mr. Cecil Jones benc^ath the Kaimur quartzite scrap at Rampura . 
in northern Indore. Some authorities agree that the specimens are true fossils, ' 
but opinions differ as to their afl&nities. It was at first suggested by their dis¬ 
coverer that they might represent the genus OftoZeMa ortho species Chuaria circular 
is, described by C. D. Walcott from “ Precambrian rocks in Aiizona, or possibly 
the operculum oiHyoliihellus.^ Some experts have pronounced them to be definitely 
the remains of primitive brachiopods, agreeing most closely with forms of Acrothele, 
a genua known to occur in the Cambrian of the Salt Range. * Another suggestion, 
founded on the fact that the ‘‘ test in some cases, when heated, glows and burns 
to a grey ash, is that the specimens are of vegetable origin. One of the latest 
authorities consulted. Dr. P. Chapman of Melbourne, has felt justified in deter¬ 
mining specimens submitted to Um as comprising a species of the new genus 
Protobohlla—Protobolella jonesi —and three species of a second new genus— 
Fermoria minima (replacing a form at first called Neobolus minimus and 
comparable with N, warthi from the Cambrian of the Salt Range), F, tri'partita and 
F, granulosa,^ Dr, M. R, Sahni is of the opinion that there is insufiBcient evidence 
for the erection of more than one species of Fermoria^ namely, F, minima, and 
he places Protobolella jonesi in synonymy therewith and has proposed the name 
VindhyaneUa for the specimen figured by Chapmanin his PI. 2,. Fig. 1 (1935); 
the lattei—Vindhyanella jonesi —was the specimen which most resembled a 
brachiopod but it is unfortunately missing.^ Although the probabilities are that 
the Suket impre^ions belong to some archaic form of brachiopod, no reliable 
feature definitely attributable to this class of organism can be indisputably 
recognised in the xemaihs. In the debiis from the fluorite-bearing Rohtas 
limestone at Saraidanr near Rohtas—^the highest stage of the L6wer Vindhyan— 
a very clbar spiral but structureless impression has been observed and figured by 
Mr. £. J. Beer.^ Mr. E. Chao has put. forward the suggestion that the 
concentric striioturea in. some of the Vindhyan limestones may perhaps 

1 Bidl Qtd. 8oe. Amsr., X, 234 (1899). 

* Ge». fiep. jffec., LXl, 21 (1929). 

* Bee., LXVII, 20 (1933); lUd,, LXIX, 109 (1936). 

* Bee., LXIX, 467 (1936). 

B Bee., L, 139 (1919); also Plate 30 of the same volume (Vide Fig. 2 of the Plate 
•^aoing p. 617 of the Manual). 
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xepresent the alga Colknia, so common in Sinian rocks of China and North 
America.^ The upper half of the Lower Vindhyan is characterised by the 
presence of glauconite, a mineral usually indicative of organic life. 

All that is definitely known concerning the age of the Vindhyan system is 
that it is older than the Gondwana and younger than the Gwalior (Dharwat), 
and we have the choice between Purana (probably late Purana) and early Palaeozoic. 
An assumption that the Lower Vindhyan represents the lower half of the Cambrian 
would make the Upper Vindhyan equivalent perhaps to the Upper Cambrian plus 
an unknown portion of the succeeding system or systems. This would admittedly 
fill a gaj) in the geological sequence, for there are no other sediments in the Indian 
Peninsula which could w ith probability represent any part of that sequence 
from the Cambrian to the Low^er Carboniferous. That such a long period of time 
should be entirely unrepresented over such an extensive area is of course possible 
though the odds seem slightly more in favour of some relics of the Palpeozoic rivers, 
estuaries or seas surviving. Nevertheless, there is no proof that the Vindhyans are 
PaljDtiozbic, any more than there is that they are older. The Nullagine series of 
Australia, which has yielded at least eight distinct types of animal remain 
all of them differing considerably from known Cambrian forms, is generally 
regarded as of pre-Cambrian age. 

Tli.e continent of Gondwanaland, of which the Indian Peninsula formed a 
part, may have been nearer the 8outh Pole in A’^indhyan times than it is today. 
In whatever latitude it may have lain, thcr is good reason to conclude that the 
Vindhyans and more especially the Upper Mndhyans, accumulated under an 
arid climate, Similar conditions a])pear to be indicated in this part of India by 
the Cambrian sediments of the Salt Range, especially by the Salt Pseudomorph 
beds and the Saline series, if the latter is rightly referred to the Cambrian , these 
Cambrian beds have features closely comparable with those of some of the Vindhyan 
stages. The Purple Sandstone, also of the Salt Range, which may be older 
than the Cambrian, is not unlike some of the Vindhyan sandstones. 

The Vindhyan has been tentatively correlated with the Kewreenawan of Canada 
and the Jotnian of Fennoscandia, but there is little to choose betw^een this view* 
and the view" that it belongs to the earliest part of the Palieeozoic. 

General lack of disturbance except along specific Zones.— Over 
almost the whole of the area occupied by the Vindhyan beds, they lie little 
disturbed and nearly horizontal. In the Kaimur scarp the sandstone dips 
inw"ards—f.c., northwards—at an angle which seldom exceeds 20® or is less than 
5° and which averages about 10® or 12.® Northwtirds the dip dies out and a few 
miles from the cliff edge the beds are nearly horizontal. The local irregularity 
in dip of the Kaimur Sandstone between the Panw^ari ridge and the main plateau 
south of Tirohan (Tarahwan) is thought to be the result merely of underground 
solution of the Rohtas Limestone and consequent subsidence. Over the wide 
expanse of Vindhyan rocks between Gwalior and Nimach, the Bhander and Rewah 
beds lie comparatively flatly, and it is presumed that to a considerable extent 
they stretch in this manner southwards under the Deccan Trap of Malwa. North 


1 Bull .Qeol /9ee.Chma, XV, 446 (1036). 
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of tLe Malwa plateau, signs of disturbance are restricted to tbe Jhaira Patan area 
and to the Aravalli margin of tlie basin ; south of the plateau, such signs are observ¬ 
able along the Narbada valley and the Dhar Forest area. 

Localised zones of disturbance.— In the Son valley, folding is more 
important than faulting and becomes tighter towards the south, a result partly 
but not entirely of the lesser competency of the Lower Vindh^ans which in that 
direction make their appearance below the more resistant Kaimur beds. Auden 
finds reason to conclude that some of this folding, as well as some of the 
pronounced Jointing which characterises the Vindhyans of this area, occurred 
during Vindhyan times. ^ Down the Narbada valley towards Hoshangabad 
the dips in the Vindhyans along the southern border of their basin become 
unsteady ; along this line the rocks are faulted, thrown up vertically and even 
inverted. This disturbance of the strata, to as far west as Hoshangabad, appears 
at first sight to be a recurrence of the compression which had produced the 
contortion and cleavage in the adjoining gneisses and other older rocks. It seems 
to have taken different forms in different parts of the ground. Further east, 
along the whole Son valley, there is little or no faulting in the zone of disturbance, 
but at the Son-Narbada watershed one or more faults occur at and close to the 
boundary, the E.N.E.-W.S.W. strike being remarkably steady throughout. 

At Hoshangabad, and again in the Dhar Forest area, there is a decided 
predominance of a N.W.-iS.E. strike, and since the E.N.E.-W.S.W. strike 
remains constant in the contiguous Bijawars and gneisses, it may be inferred that 
the N.W.-S.E. strike is the later of the two. It is that to which the features of 
the Vindhyan rocks at Jhaira Patan on the other (northern) side of the great 
spread of Deccan Trap conform here the Vindhyan strata have been thrown up 
in a sharp N.W.-S.E. anticlinal flexure, passing southeastwards beneath the Trap 
the dips on each side rising to 70°, the sandstones weathering into long narrow 
ridges. The fold gradually dies out to the northwest. This area is also interesting 
as affording an instance of the intrusion of Vindhyan rocks by dykes of the Deccan 
Trap. North of Rampura is a large E.-W. dyke of columnar basalt, some five 
miles long elsewhere small intrusions of dolerite are numerous. The swing 
round of the Vindyan strike is seen to be rapid to the east of Saugor. Traced 
westwards from Bundelkhand, where it is E.N.E.-W.S.W., it changes to E.-W. 
then to N.W.-S.E., and through N.-S. to the Aravalli direction w^hich is generally 
N.E.-S.W. A similar swing-round is also seen in the case of the older Bijawar 
(Aravalli) rocks and gneisses but does not take place till much further west the 
strik^ of these older rocks, therefore, does not everywhere coincide with that of 
the overlying Vindhyan but, like the latter, ultimately becomes N.E.-S.W. in the 
Aravalli range. The northwest border of the Vindhyan basin is of peculiar interest 
and will be considered in connection with the history of the Aravalli range. 


LOWER VINDHYAN. 

Distiibndoii.— Outcrops of the Lower Vindhyan are confined to the margin 
of the irregular Vindhyan basiui and are exposed in three principal areas. Two 
of these fringe the ** axe-haft ” to the north and south, and are no doubt continuous 


lifem., LXn, 209 (1933). 
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beneath the more central tract of Upper Vindhyans ; the third occupies the western 
point of the **axe-blade’*, in the neighbourhood of Chitor. 

From Sasaram, at the extreme eastern end of the outcrop of Vindhyan rocks, 
the Lower division is continuous at the base of the Kaitnur scarp for 240 miles 
along the valley of the Son (the southern margin of the “haft”), disappearing 
at the Son-Narbada watershed, where the Upper Vindhyans sweep across into 
contact with Purana rocks. The greatest width of the Lower Vindhyan outcrop 
in this, its typical area, is 16 miles, but at some points on the lower reaches of ^he 
river it is less than two miles across. South and southwest of Sasaram, in the 
Palaman and Gaya districts, small inliers of the Lower Vindhyans crop out beneath 
the' alluvium and the Upper Vindhyans respectively. 

Westward from Sasaram, along the north side of the plateau (the northern 
margin of the “haft”), Lower Vindhyan rocks emerge from beneath the Upper 
Vindhyans in some of the valleys, but soon disappear, and at the lowest level, 
where the Ganges washes the base of the plateau at Chunar, only the Upper group 
is exposed. The concealment here of the Lower group is probably a result merely 
of a depression in the main axis of the basin, for further west some of its beds 
reappear beneath the Kaimur sandstone of the Upper Vindhyan as it rises towards 
the granite mass of Bundelkhand. 

The appearance of the Lower Vindhyan under the northern scarp of the 
Kaimur range in southeastern Bundelkhand is in every way more irregular. 
From Ghebu, close to the Jumna, the beds are seen at intervals below the scarp 
for 160 miles westwards as far as a point beyond the Dhasan, the principal 
exposures lying between this river and the Ken (Cane). East of the latter river, 
the older beds are visible only in the deeper gorges and are totally concealed for 
long distances where the Upper Vindhyans pass over them on to the granite. 
Around Tirohan the Lower beds are freely exposed, but where the Jumna first 
touches the rocks of the plateau, a few miles above Aiialmbad, the Upper Vin- 
dhyans are at water-level. 

From about ten miles north of Chitor, the third of the principal exposures 
of the Lower Vindhyan curves southward to the Deccan Trap and thence east¬ 
wards along the northern edge of the latter, in the form of a narrow outcrop with 
irregular boundaries and one or two interruptions, to a point about 25 miles south* 
east of Jhalra Patan. 

Besides these throe principal exposures. Lower Vindhyan beds have been 
recognised in southeastern Bajputana between Malarna and Karauli in small 
separated outcrops. 

General character. —^The classification of the Lower Vindhyan lacks the 
definiteness of that of the Upper group. The zones of sub-division are not well 
marked, and all members of the series arc not present in every section, the 
irregularity being due partly to thinning-out and partly to lateral change. The 
cbnspicuouB want of constancy in the case of the first beds laid down is due to the 
unevenness of the floor of older rocks upon which they were deposited. Condi¬ 
tions of sedimentation became more uniform as the irre^larities of this floor 
became filled up and smoothed off, and as the area of deposition became enlarged 
by gradual suhsiidence. The variability and inconstancy of the Lower Vindhyans, 

9QSI/64 2 
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as compared with the striking persistence and uniformity of the Upper group, 
are probably the result, partly of the vulcanicity and partly of the preliminary 
oscillatory earth movement, which preceded the general regular subsidence that 
accompanied the steady accumulation of the Eaimur, Bewah and Bhander 
sediments. 

(0 THE SON VALLEY. 

Mode of occunrence.—The Lower Yindhyan rocks of that part of the Son 
valley which traverses Baghelkhand lie along the denuded northern flank of a 
synclinorium in which the chief rocks involved consist of Bijawars and Archaean 
gneisses.^ The river valley itself is occupied by a narrow band of Lower Yindhyan 
beds which underlie the Upper Yindhyan Eaimur Sandstone forming the con¬ 
spicuous scarp to the north. A narrow strip of younger rocks, consisting mostly 
of Lower Yindhyan but including three separate outliers of the Upper group, 
has been involved in the synclinorium and extends for some eighty miles within 
the Bijawar outcrop. North of Agori, a large E.—W. fault has caused considerable 
displacement of the outcrops and has interrupted the continuity of the stages in 
the main exposure. A series of small faults of the same orientation have affected 
the boundary between the Lower Yindhyan and the Bijawar at and south of Agori. 

Relationship to the Jnngel Shales. —^For the greater part of their lomr 
boundary, the Lower Yindhyan sediments are in unconformable contact with 
either the Bijawar series or the gneisses, but within the synclinorium there 
intervenes, more especially along the southern margin of the narrow elongated 
strip of younger rocks, a set of beds between the latter and the Bijawars, and 
apparently intermediate in age. These beds, to which the provisional name of 
Jungel Shale series has been given, have been classed by some with the Lower 
Yindhyan and by others with the Bijawars; their precise correlation is doubtful, 
but they have been described in this work under the heading of Purana (p. 380). 
As we shall see, the various stages of the Yindhyans overlap each other succes¬ 
sively towards the north, until the Eaimur Sandstone, the lowest stage of the 
Upper Yindhyan, is found resting directly upon the Bundelkhand Granite. The 
Jungel Shales would thus flt into this scheme of overlap, were they proved to be 
the lowest exposed stage of the Lower Yindhyans. 

Snb-dirision.—^The Lower Yindhyan beds, in which shale or limestone pre¬ 
dominates, are everywhere sharply distinguishable from the Upper Yindhyan 
group which consists mostly of sandstone. In the Son valley, eleven sub-divisions 
of the Lower Yindyan have been recognised east of the E^nhar tributary,* and 
eight to the west, excluding the doubtM Jungel beds.* These sub-divisions have 
been correlated as follows ;— 

West of the Eanhar. East of the Eanhar. 

i ll. Limestone. 

10. Shales. 

0 Limestone. 

8. Shales and sand¬ 
stone.* . 

* H. B. Medlioott. Mem,, II, Ft. 1 (1859); F. B. Mallet. Jfem., Vll, 1-129 (1871) ; B. B. 
Oldham, P. N. Datta and E. Vredenburg. ifem., XXXI, 1-178 (1901). 

« F. R. Mallet. Mem., VH, 27 (1871). 

• P. N. Datta. Esc., XXVni, 144 (1895). 

* B. B. Oldham, E. Vredenburg and P. N. Datta this zone was included in the Kheinjna^ 
but J. B. Auden considers it far more characteristic of the Bohtas stage. Jfem., LXH, 168 
(1988). 
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West of the Kanhar. 


East of the Kanhar. 

Kheinjua stage 

f Qlauoonitio group 
• Fawn Limestone 

Olive Shales 

Kheinjua stage 

r?. Limestone. 

1^6. Shalj sandstone. 

Poroellanites 

• 

Poroelianite stage . 

r5. Porcellanio shales. 

•< 4. Trappoid beds. 

\_3. Porcellanic shales. 

Basal stage 

fKajrahat Limestone . 

. Bleaching Shales 

Basal quartzites and 
conglomerates. 

Basal stage 

(2. Limestone. 

.< 1. Conglomeratic and 
h calcareous sand¬ 

stone. 


In neither area are the stages separated from each other by well-defined 
horizons. They merely represent facies of deposits which pass into each other 
both vertically and horizontally, either by inter stratification and thinning out 
*OT by horizontal replacement. 

Thickness and structure. —Owing to the folding within many of the sub¬ 
divisions, the total thickness of the Lower Vindhyan cannot be accurately esti¬ 
mated, but near Agori, excluding the doubtful Jungel Shales, it is probably over 
3,000 feet; thirty miles to the wett it diminishes to about 1,000 feet, but still 
further west, in western Eowah, the thickness greatly increases. The maximum 
sequence of the Lower Vindhyan probably lies somewhere beneath the central 
part of the Upper Vindhyan exposure to the north. Contortion and disturbance 
are frequent but very local in character and due to some extent to the fiagginess 
of the strata ; these irregularities are more noticeable in the shales. Nevertheless 
the series has a general northerly dip, from the older towards the newer rocks 
and, in a general way, the inclination decreases in amount from south to north, 
the upper members of the group being thus less inclined than the lower; near 
the ancient Bijawar slates the dip is often nearly vertical. 

Mode of deposition. —The Lower Vindhyan of this area rests with a pro¬ 
nounced unconformity upon the Bijawars or the gneiss, out of whose debris their 
lower beds have been partially formed, and is mainly a shallow-water series. 
Before the end of the period, and following a stage of volcanic activity, there was 
a short interruption due to elevation resulting in alternating sub*aqueous and 
sub-aerial deposition.^ Slight subsidence followed, resulting in the deposition of 
the Rohtas Limestone. A more permanent elevation succeeded and the shallow 
seas became the flood-plain areas of the early Upper Vindhyan period. The 
marine nature of the limestones in the Lower Vindhyan is shown by their thickness 
and excellent bedding. The marked parallelism of the bedding in the main lime¬ 
stones is an indication of quiet deposition and the absence of currents, waves and 
detrital accumulation, but their close association with sub-aerially exposed beds 
and beds with recognisable shallow-water characteristics, is a proof that condi¬ 
tions were never those of deep water. This is confirmed by the presence of bedded 
tuffs, wliich are most likely off-shore marine deposits formed in the vicinity of 
volcanoes along a continental margin. 


^ J. B. Auden. ATem., LXll, 220 (1933). 
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JointJiigy and Sandstone dykes. —The Lower Vindhyan rocks, like those of 
the Kaimur, are strongly jointed, some of the joints having been formed sooa 
after sedimentation as a result of contemporaneous movement. The latter pheno¬ 
menon would also explain the presence of interformational conglomerates- 
and sandstone dykes. 

Basal stage of the West. —^The basal stage of the west is inconstant as a 
result of original capricious sedimentation, and consists of a variable sequence of 
conglomerates, breccias, brown quartzites, slates, bleaching shales and lenticular 
limestones. The most usual succession is that of basal sandstones and conglo¬ 
merates, made up of material from the underlying formations, passing up into 
shales with lenticles of limestones, and finally into a massive limestone which is 
locally very thick, ranging up to 2,000 feet. The characteristic basal conglo¬ 
merate grades into pebbly and gritty quartzites or sandstones and, through these 
varieties, into pebbleless quartzites or sandstones, some of which show current- 
bedding. In these basal beds, which in some sections reach a thickness of 400 or 
500 feet, the pebbles, averaging less than an inch across but ranging sometimes 
upto seven inches, are of the same type and character as those found in the Jungel 
beds a resemblance which would support to some extent the assignment of the 
latter, beds to the Lower Vindhyan. A large number of the pebbles consist of red 
jasper, derived from Bijawar rocks, and the rest of quartzite, vein-quartz, 
chalcedony, banded black slate, and black and brown shale, often bleaching. 
Some of the pebbles are composed of rocks of Lower Vindhyan aspect and suggest 
the existence of local contemporaneous elevation and erosion. Near Tarka, 
the confflomerate is replaced by an angular breccia, evidently a scarcely 
disturbed ancient talus deposit. The pebbly quartzites are in places permeated 
by vein-quartz. 

The next beds above the pebble beds and quartzites are frequently black 
laminated, bleaching shales, which in places contain beds of earthy or dolomitic 
limestone in “pillows”, as well as brownish green sandstones derived from the 
Bijawars. Sometimes the shales are missing and the sandstones or quartzites, 
containing thin stringers of siliceous limestone, are directly succeeded by the Kajra- 
hat Limestone. 

The Sajrahat Limestone is sometimes coarsely crystalline but more usually 
finely oiystolline or microcrystalline, weU-bedded, and permeated by silica in 
veins, siUs and amygdales. The limestone thins out in a curiously rapid way; 
eastwards from Bilii, it disappears completely in a distance of twelve miles, but 
is replaced apparently by a thin metasomatised band of chalky white siliceous 
iook.‘ 

Basal stage of the East. —^In the eastern section, the conglomeratic bed 
vary from a coarse, thick-bedded conglomerate, composed of slightly rolled frag¬ 
ments of the underlving older rocks from six to eight inches in diameter, to a 
coarse sandstone with p^bles of quartz. The limestone. No. 2, which is capricious 
in distribution, is for the most part hard and siliceous. These basal beds are 

^ P. N. Datta records a similar passage of the Bohtas Limestone into a fine-grained green 
4diale which, on exposure to air, turns a bluish chalky white (Bee., XXVm, 149 (1895). 
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only known definitely in the Son valley, though sub-stages 1 and 2 have been 
'doubtfully identified in the outliers neiir Sasazam. 

Porcellanite stage. —The three succ('edmg sub-stages of the eastern section 
are merely local modifications of the same deposit, the so-called “trappoid beds” 
being only coarser variants of the porcellanite. The porcellanite stage as a whole, 
over 300 feet thick in the Agori region, consists of silicified or porcellanised tuffs, 
shales, sandstones and arkoses, but also includes unsilicified forms of the three 
last-mentioned rocks and, near the base, local conglomerates. Auden calls, 
attention to the fact that some of the porcellanites arc of epiclastic origin, espcciaDy 
the banded types and the green, translucent, thin-bedded t 3 rpcs; in the Agori 
area these varieties are the most common facies, and occasionally show ripple- 
markmg. In clearly recognisable forms of the tuffs, plagioclase (between albite 
and oligoclase) is present almost to the exclusion of orthoelase, although analysis 
shows a higher percentage of potash than of soda. 

The predominant and typical member of this stage is a hard, fine-grained 
porcellanic rock, varying in colour from almost black to a pale green, and breaking 
with a conchoidal fracture into extremely sharp-edged splinters. The latter 
feature of the rock, combined with its evenness of grain, made it a favourite material 
with the men of the Stone Age in this region ; many singularly perfect specimens 
of large-sized axes and choppers as well as small flakes have been found. ASflIH 
ciatedjrith these fine-grained rocks are others to which a porphyrltic aspect is 
given by the presence of small fragments of felspar and quartz ; in addition are 
fragments of more or less devitrified glass, grains of inicrocrystallin? rhyolite 
and abundant pieces of pumice,, often of comi>aratively large size. In the eastern 
area hornblende is a common ingredient and is not unknown in the west. In 
places, fragmentary material bulks so largely in the rock that the latter assumes a 
^‘trappoid” appearance, but it has been shown that both the trappoids and most 
of the porcellanites are rhyolitic tufts of varying coarseness.^ The homogeneity 
and compact nature of the porcellanites iire the result of secondary crystallisation 
of quartz. The debris in both forms is angular and irregular in outline. In one 
locality in the eastern section, between Japla and Kutumb:ih, sheets of felsite— 
probably intrusive sills—have been found, ami indicate the proximity of a centre 
of eruption. These truly igneous rocks are genetically related to the tuffs, all 
their constituent minerals being identical with minerals found in the latter. 

Porcollanitic rocks arc found interbedded both above and below that portion 
of the Lower Vindhyan specifically so named. The boundaries of the stage are, 
therefore, very indefinite, and the thickness is difficult to estimate. The latter 
near the western border of Rewah State cannot be less than 800 feet; in the Agori 
area it is over 300 feet. When well developed and well exposed, the outcrop of 
this stage forms a band of low hills covered with a forest of the Incense tree {Boswel- 
lia thurifera)^ known in the vernacular as the salai. 

The Porcellanite stage represents an original marine formation deposited within 
the vicinity of volcanoes, and corresponds probably to the Malani rocks of Raj- 
putana. East of Jamual, the stage is cut out by a strike fault. Between that 
village and Hurma, it is represented by the shales which are elsewhere intercalated 
among the typical hard porcellanites and have replaced them, making it difficult 
to separate this stage from the one below and the one above. West and east of 

» J. B. Auden, ifem., LXIl, 153-64 (1938). 
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this shaly stretch, the stage increases in thickness and becomes coarser in type— 
i ndications of an approach in either direction towards the centres of volcanic activity' 
from which the ashes were ejected. As we have seen, the existence of a volcanic 
centre to the east is confirmed by the presence of true igneous sheets. The fact 
that the exposures of the Porcellanite stage in the outliers forming the centre of 
the Son synclinorium seem to be less in thickness and on the average finer in grain 
than they are along the river bed is to a certain extent, an indication that the 
volcanic centres lay to the north of the Son, t.s., in the direction of land, rather 
than to the south. 

Kheinjua stage. —The Eheinjua stage, named after some hills south of the 
Eaimur scarp at and beyond the western boundary of Bewah State^ corresponds 
to sub-stages 6 and 7 of the eastern area. Its rocks are principally shales and 
sandstones but limestones are occasionally found. West of Bamnagar, for instance, 
there are three thick bands of limestone which thin out eastwaris and cease to 
form continuous bands. In the Agori area the sequence, as established by Auden,, 
comprises a basal rone, over 100 feet thick, of very characteristic, fine-grained,, 
olive-green shales with cuboidal or pencil fracture. These are succeeded by some 
.250 feet of siliceous and cherty limestone, slightly dolomitised, and weathering 
to a fawn colour. The weathered surface of the rock is pitted and marked out by 
Ihe chert which occurs in irregular patches and parallel bands ; locally, the wea¬ 
thering is spheroidal with concentric alternations of limestone and chert. The 
bedding is coarse, from two to three feet thick, and individual bauds show crumpling. 
Westwards, this Pawn Limestone, as it has been named, splits up and becomes 
interbedded with olive-green and blue shales. East of Agori, the limestone of 
sub-stage No. 7 remains a conspicuous feature, forming a central band some 20 
feet in thickness, in the midst of the shales and sandstones. 


In the Agori area, the Pawn Limestone is succeeded by a characteristic group 
over 300 feet thick marked by the presence of glauconite. This is a varied 
sequence of glauconitic sandstones, quartzites, pebbly grits, sandy shales, conglo¬ 
merates, breccias and thin limestones, the last-mentioned rocks occurring near the 
base, just above the Pawn Limestone, imbedded with current-bedded quartzites. 
The bedding is markedly lenticular, seldom more than six inches thick in the silty 
impure sandstones, but attaining six feet in the case of the conglomerates and more 
indurated sandstones or quartzites. Bipple-marks and sun-cracks are abundant 
throughout the whole stage, rain-prints have been recorded, and the quartz grains 
in some of the sandstones show wind-rounding. Bipple-marking, sun-cracl^ and 
rain-pitting may often be observed on the same slab of rock. These features 
prove that, if sedimentation took place under marine conditions, as the presence 
of glauconite seems to indicate, the water was very shallow and must frequently 
have been drained, exposing the silts to the air; the rounding of quartz grains 
points to an arid or semi-arid climate. In the sandstones, which are arkosic 
glauconite often occurs in pellet-shapes, perhaps due, as suggested by Auden, to» 
the rolling and collection of clay material on the sea-floor and its incorporation^ 
in the form of pellets with normally deposited silts. Qlauconitisation may have; 
taken place before, during or after burial, but the habit of the mineral does not 
suggest derivation from pre-existing glauconitic sediments. The presence of 
glauconite in this stage of the Lower Vindhyan also provides some measure of 
support for the view that the period was not lifeless and belongs to the early 
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Paleozoic, since the mineral is formed in most cases in association with organic 
matter; its alteration product is Umonite. Of the Kheinjua conglomerates yein« 
quartz and red jasper are the main constituents; the breccias include fragments 
of porcellanite. 

Rohtas stage.—'The uppermost beds of the Kheinjua stage pass up through 
calc-nodular shales into the most t]rpical member of the succeeding Rohtas stage, 
wUch is a tbin-be„dded, flaggy histone. The calc-nodules and shales, sub-stage 
8 of the eastern section, are repeated^ above the limestone, near the top of the 
stage. The fine, parallel, grey and black banding of the shales passes also through 
the hmestojdimpdules, which vary from su inches to three feet in diameter and 
occur isolated or in strings; at the same time, the shales above and below the 
nodules show arching. As an explanation of this apparent inconsistency, Auden 
suggests that the nodules, in part at least, were formed contemporaneously with 
the deposition of the shales and that, once formed, they acted as concretionary 
centres for the deposition of carbonate, which continued for a short time after 
the nodules had been buried by the shale.^ Some of the nodules have a septarian 
structure of radiating fissures. The shales are often black in colour'and around 
Bijaigurh have been mistaken for coal.^ 

The chief feature of this stage is the limestone, which at Robtasgarh is said 
to be 700 feet thick. An analysis of this rock shows 84 per cent of CaCO^, less than 
S^er cent, of MgCOg, and somethingJike 10 per cent, of SiQa.j.the stone is used for 
cement manufacture as well as for Ume-buming and building stone. It is in this 
limestone that the sacred “Gupta’' cavern of the Durgauti (Doorgowtee) valley 
exists. The bedding in both the limestones and shales of this stage is generally 
thin and markedly parallel, in this way contrasting with the lenticular bedding of 
most of the beds in the Kheinjua stage and with the thicker bedding of the Kheinjua 
limestones. Typically, the bedding of the Rohtas Limestone is from three inches to 
a foot thick. In both jimestones .and. shales jthe .prevalent tints are grey, blue^ 
pink and orange. It has been suggested that the coiuiitions of deposition of the ; 
Rohtas Limestone may have resembled those obtainmg’ toda^ at the Bahama ‘ 
Bank, where almost pure calcareous ooze is laid down on very shallow marine 
flats of wide extent.® Towards the top of the stage, silicification of the limestone is 
sometimes strongly pronounced. Kear Rohtas, in the middle of the stage, is a 
thin-bedded limestone will small scattered crystals of blue and purple fluor-spar, 

In the eastern section of the Son valley, above the principal zone of limestones 
is a band of shale which extends as a well-marked feature for a short distance into 
Bewah State, where it is 300 feet thick and in places in direct contact with the 
Kaimur Sandstone of the Upper Vindhyans. Further west, exposures are scanty 
but still further west this shale band is recognisable though reduced to a small 
thickness. In the Agori area, the top of the Rohtas stage consists in some places 
of black, papery,‘ carbonaceous shales. 

The total thickness of the beds assigned to the Rohtas stage is fairly uniform 
in the eastern section and in the country west of Rewah, but in the intermediate 
imets it varies largely. The maximum thickness of the stage is attained near the 
western limit of Rewah State and probably exceeds 1,500 feet. 


^ Jfem., LXII, 167 (1033). 

> F. B. Mallet. Metn„ VII, 50 (1869). 
s J. B. Auden Mem., LXII, 166 (1933). 
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(il) BUND£LKHAND. 

Position.— The Lower Vindhyans of the Son valley, as we have just seen, 
border the southern margin of the Eaimur plateau of Upper Vindhyan rocl^ 
stretching from near the neighbourhood of Murwara in Northeast Jubbulpore to 
Sasaram. The northern limit of this Upper Vindhyan outcrop is also fringed for 
about half its distance with Lower Vindhyan deposits, which extend ficom one 
end of Bundelkhand to the other,, and are no doubt continuous beneath the 
younger group with their fellow deposits of the Son valley. 

Snb-divisfon. —In Bundelkhand the Lower Vindhyans have been sub^vided 
as follows:— 


5. Tirohan . Limestone, and breccia. 

4 . pQlkoa Shales.’ 

3. Dalchipur Sandstones. 

2. Semri Limestone and Shales. 

1. Semri Sandstone. 

These stages are not all repesented in every section. In the easternmost ex¬ 
posures, only the Tirohan Limestone and what is believed to be a representative 
of the Semri Sandstone are seen, while at the western end of the exposure the 
Dalchipur Sandstone is the only member of the group present. The Semri Sand¬ 
stone is well developed in the middle of the area, in the vicinity of the Ken river; 
westwards and eastwards it diminishes in importance and beyond the Dhasan 
river westwards it has not been definitely recognised. 

Semri Sandstone.—The most interesting feature of the Semri Sandstone is 
the fact that it contains grains of glauconite. Eastwards it is traceable into 
relations with a band of flaggy sandstone, which near Panna gives place to a cherty 
bottom rock, more like an indurated shale than a sandstone, coating the old 
granite floor. A good exposure of the Semri Sandstone stage is seen at the Pathar 
Chauki waterfall; here the chert band is about 150 feet thick and is surmounted 
by an ad^tional 30 feet of thick-bedded, highly indurated sandstone, the presence 
of which is the cause of the waterfall. This cherty band is largely a detrital rock 
composed of quartz-sand, felspar grains and characteristic glauconite. Cherty 
segregation in many forms—spongy, pisolitic, amygdaloidal or diseminated— 
gives the bed a peculiar aspect. A common form of the rock in the Panna diamond 
mines is a semi-vitreous sandstone or pseudo-quartzite of a greenish tinge, the 
result of local diffusion of silica. In Panna State, beneath the chert band, is 
another harsh sandstone in relatively thick beds but of very small aggregate thick¬ 
ness ; it is often conglomeratic, owing to the presence of small scattered pebbles 
of grey or white quartz, and rests upon jaspery rocks of the Bijawar series. 

Semri Limestone and Shales.—The blue Semri limestone and the overlying 
sharply-jointed, dark blue, slaty shale are also well developed at the Ken river 
and diminish in the same way as the sandstone stage westwards and eastwards; 
westwards, these beds die out a little earlier than the Semri Sandstone and cannot 
be traced beyond Shahgarh. They are fully exposed in the valley of the Semri 


^ The original name waa **Pttlkoa Sohista”. 
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Bud are seen in the gorges of the Banj and the Baged (Boghin), but are absent 
at Earwi. In Panna, the shales are remarkable for their coal-black colour, which 
has caused them to be mistaken for coal, and also contain large lenticular limestone 
concretions. There is an obvious resemblance in the description to some of the 
Bohtas beds of the Son valley. 


Dalchipur stage.—The coarse pebbly sandstones of the Dalchipur stage 
whose most easterly exposure is near Chopra,^ increase in thickness and impor¬ 
tance westwards, as the two lower stages decrease.* The stage ultimately overlaps 
the Semri Shales and comes into direct contact with the Semri San&tone; at 
the western end of the area it is the only member of the series represented. In 
places conglomerate occurs at the base and is prominent on the Dhasan river, 
its pebbles consisting of quartz or of Bijawar rooks. 


Pulkoa Shales and Tirohan Limestone.— The two uppermost members 
of the succession are described as comprising thin, sharply-bedded, fine-grained 
limestones of very variable composition, both in chemical and mechanical 
ingredients, and flaky, siliceous shales, grey in colour but weathering or bleaching 
white. There are complete vertical and horizontal transitions between the two 
types. In one form or other, as shale or limestone, these beds are found from the 
eastern to within a short distance of the western end of the outcrop, being, like 
the Bohtas stage of the Son area, the only constant assemblage of the series. The 
Pulkoa Shales, named after Pulkoa (Palkua) Hill, are described as generally thinly 
laminated, having a foliated aspect, often intensely hard and jaspideous and 
usually breaking into angular cuboidal pieces. 


Tirohan Breccia.—The limestone in Bundelkhand, unlike that in the Son 
is usually overlain by a siliceous breccia composed apparently of thin layers of 
agate, chert and jasper, shattered and re-cemented by sintery or hyaline silica. 
This breccia, which on Paiiwari Hill southeast of Tirohan attains a thickness of 
40 feet, is not only adherent to the limestone but also fills cracks in its upper 
surface. It is not a detrital deposit and is very different in character from a 
breccia-conglomerate which is often found at the base of the Eaimur Sandstone. 
The Tirohan breccia is a contact rock which is probably of auto-clastic derivation 
and is conjectured to have been the intermediate home of the Panna diamond; 
the original source probably being the basic intrusives mentioned below (p. 511), 
large pebbles of the Tirohan breccia are abundant in the conglomeratic diamond 
bed of the Bewah shales (Upper Yindhyan) at the Panna mines and are broken 
up in the search for the gems. 

Overlap at Karwi.— In the neighbourhood of Earwi, according to Medlicott 
the Semri Sandstone is the only stage found beneath the Tirohan Limestone and 
contains layers of dense, fine limestone. The sequence here has been examined 


’ The village lies between Baragoii and Knpe. 
» H. B. Medlicott. Mem., 11, 9, 29 (1860). 
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by Auden who depicts diagrammatically, as follows, the successive overlap froBk 
south to north, on to the fresh granite of the BundeUchand tract:— 

North. South. 


Ohitrahot hill. 

Bihara hill. 

8angrampur hill. 

Kohi hiU. 

Kaimur Sandstone. 

Kaimur Sandstone. 

Kaimur Sandstone. 

Kaimur Sandstone. 

{880‘foot Uvel) 

Glauoonitio flags. 
Pellet limestone. 

Glauconitic flags. 

Tirohan Limestone.. 


{830-foot levd) 

Pellet limestone. 

Glauconitic flags. 

Granite. 

Granite. 

(rrs-footlevd) 

Granite. 

Pellet limestone. 
Limestone with 
glauconite. 

{610-foot levd) 

Granite. 


The Tirohan Limestone in this section, some 300 feet thick, with its flat strings* 
of chert, resembles the Bohtas in its pink and orange tints and fine homy texture 
it is, however, somewhat more thickly bedded, the regular and almost perfectly 
horizontal beds ranging from one to three feet thick. Its correlation with the 
Bohtas is made almost certain by its superjacency with regard to glauconitic 
flaugs and limestones which, there seems little doubt, are the equivalents of the 
higher portions of the Kheinjua stage south of the Son. These soft, easily- 
weathering flagstones are similar to those in the Son valley Kheinjua and overlie 
a pellet limestone—a pisolitic rock made up of what were probably rolled pellets of 
limestone, subsequently silicified, in a matrix of glauconite and chalcedony. In 
places, this rock contains fragments of fresh felspar, angular and rounded frag¬ 
ments of vein-quartz, and lenticles of porcellanite, from one to two inches thick 
and several feet long, recalling a glauconite-porcellanite rock found in the Son^ 
valley at Burma. The lowest beds exposed in the Karwi area are some 20 feet 
of homy limestones containing angular fragments of fresh felspar and often, 
glauconite. 

As shown in the above diagram, the granite floor evidently continues its slope- 
towards the south, and there has been progressive overlap in the Lower Vindhyans 
from south to north ; the full thickness of the series lies perhaps below the Kaimurs* 
to the south. Auden received the impression that the slope indicated by the 
heights of the Pellet limestone in this section is more or less equal to the original* 
sedimentation dip and was presumably suflicient to allow the rolling-down of 
unconsolidated limestone with the production of a pellet structure. The Semrx 
Sandstone, more than the succeeding stages, is, therefore, limited in a northern 
direction by this granite slope upon which it was deposited. Consequently, as 
we have seen, in some of the outliers that stretch northwards beyond the main 
■ line of escarpment, such as the detached hills of Ajaigarh and Bajgarh, a Kaimur 
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stage of the Upper Viudhyans rests directly upon the granite surface. The fresh¬ 
ness of the granite and also of the felspar fragments in the bottom beds of the 
Lower Vindhyans is an indication of a dry climate. 

Correlation with the Son valley sequence.— The precise correlation of 
the subdivisions of the Lower Vindhyan in Bundelkhand with those in the Son 
valley is uncertain, but the Pulkoa Shales and Tirohan Limestone appear to 
correspond to the Bohtas, and the remainder of the beds mostly or entirely to the 
upper parts of the Kheinjua. Basic intrusives are recorded which, although 
penetrating the Lower Vindhyans, appear to stop short at the Kaimur; some of 
these are typically doleritic but others are more basaltic in character. They majr 
represent the primary source of the Panna diamonds.^ 

limits of deposition. —Both in the Son valley and in Bundelkhand, there 
are indications that the present limit of the Lower Vindhyans is not very far 
from that of their original extension. This is especially true in the case of Bundel¬ 
khand, for the original limitation of deposition is unmistakably exhibited by the 
overlap of the Eaimur group on to the gneiss and Bijawars. This is clearly seen 
on a large-scale geological map where, in all the northern prominences and outliers,, 
the Upper Vindhyans are in direct contact with the older rocks, while in the deep- 
cut valleys draining from the south the Lower Vindhyans intervene. It is con¬ 
firmed by the record of sections, where the Lower Vindhyans are seen to be baked 
against a sloping surface of Bijawars or granite. In the Son valley, the irregularity 
and coarseness of the lowest group show that it was deposited upon an uneven: 
floor. The thinning-out of the subdivisions, except those of the Rohtas stage 
east of Bardi, and the absence of zones 6 and 7 and the sandstone of No. 8, are 
features perhaps due to this area having escaped the sedimentation which went on 
elsewhere. In the outliers to the south of the Son, the basal conglomerate is much 
thicker than it is in the main exposure. 

Folding.—There is an inc.rease in the intensity of the folding towards the 
south. This seems to be due in some way to the i^rotective action of subjacent 
portions of the unyielding Bundelkhand Granite missif iipon the northern margin 
of the Vindhyan basin, against the earth movement which went on during the 
Lower Vindhyan period itself and surviv'cd into that of the Upper. Throughout 
this area, the localised direction of the earth movement seems to have been from 
south to north. 


(Ui) SAUGOR DISTRICT. 

A restricted outcrop of yellow or yellowish-brown shales at the foot of the 
hill which forms the western lip of the Deori gorge, east of Bhopal and two miles 


' Mr. K. P. Sinor in his Diamond Mines of Panna State (1930) came to the conclusion, 
that tho diamantiforons rook of the Majgawan mines is similar to the diamantiferous 
Kimberley rock of S. Africa and that it occurs in tho Kaimiir sandstone as a pipe composed 
of volcanic agglomerate and tuff, the oval outcrop of the pipe measuring 1,500 feet X 1,000* 
feet. A bore-hole was driven to a depth of 242 feet in tho rock yielding serpentinous 
decomposed products in which outlines of olivine are preserved Siliceous and calcareous 
impregnations, also jaspidious pebbles, hard black quartzites and even sandstones were 
observed in some cores. According to these observations, a Post-Kaimur age would be 
ascribed to the intrusive source-rock of the diamond. 
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west of Deori village, in the Saugor district of the Central Provinces, has been 
doubtfully assigned by H. Walker to the Lower Vindhyan.^ The shales are thin- 
bedded, slightly crumpled and, although distinctly micaceous, not very fissile. 

(iv) DHAR FOREST AREA AND NORTH BHOPAL. 

Lower Vindhyan rocks are rather doubtfully displayed in one small exposure 
at the base of Bamnor hill, seven miles north of Amrawad in the State of M^al. 
They are sombre-tinted, micaceous and ferruginous shales, underlying the Kaimur 
Conglomerate with no apparent unconformity*,* These occurrences lie to the 
east of Bhopal city. Iron-stained Vindhyan sandstones are also exposed in the 
Bhojpur quarry and its neighbourhood southeast of the city.* Some distance 
northwest of the city, and south of Jhalra Patan, some Vindhyan inliers below 
the Deccan Trap in the State of Khilchipur are described by Mr. D. P. Chandoke 
4MI having become quartzitic as a result of their contact with the basalt. 

(?) THE CHTTOR-JHALRA PATAN AREA. 

Strike* —The edge of the western lobe of the great Vindhyan plateau, on 
the extreme west of which the famed fortress of Chitorgarh is built, curves round 
with the strike of the old rocks of the Aravalli range which, from N.E.-S.W. in 
northeastern Mewar or E.N.E.-W.S.W. in Bundi swings round at Chitor through 
N.-S. to N.W.-S.E., the Great Boundary Fault being to some extent concentric 
to the curvature. 

General relationships. —Of the large tract of Vindhyan rocks between Chitor 
•and Saugor a large part has been covered by the Deccan Trap. Along the southern 
and western margins of the uncovered portion from Chitor to Jhalra Patan, a great 
thickness of strata lies below the Kaimur Sandstone, difiering from the Lower 
Vindhyan of both the Son valley and eastern Bajputana, and passing up with no 
discordance into a sandstone which is here the single representative of the Kaimur 
series, no basal conglomerate being present. Whether these beds correspond simply 
to the changeable Lower Vindhyan of other areas, as their position beneath the 
Kaimurs might lead one to infer, or whether the concordant succession with the 
Kaimurs signifies that they represent wholly or in part the unconformity seen 
elsewhere between the Lower and Upper Vindhyan, it is at present impoi^ible to 
say. These pre-Kaimur beds, which have been described by Dr. Heron, occupy 
the lower ground to the west of the dissected plateau of Upper Vindhyans.^ 

Stracture.—^The pre-Kaimur Vindhyan beds of Chitor and Jhalra Patan do 
not exhibit that degree of compression seen further to the east. At their western 
limit they rest unconformably upon the gneiss and Purana formations, but along 
their southern margin the boundary is formed by the overlying Deccan Trap. 
In the latter section, the pre-Kaimur deposits are exposed in an anticline whose 
•southern limb is for the most part concealed, but at Jhalra Patan and south of 
Bampura there are outliers of the Upper Vindhyan sandstone intervening between 
the older beds and the edge of the Trap.® 

Northern comer of Malwa (North Indore).— In the neighbourhood of 
Kukdeshwar (Kukresor) and Bampura in north Indore, the beds, which are 

1 Rec,, XXXV, 54 (1007). 

® Qen. Bep. Bee., XXXIU, 106 (1906). 

* D. P. Chandoke, Amer, Joum, Scu, Ser. 6, XXXll, 218 (1936); Qtiart. Joum, Oeol. Min.. 
Met. Soe. Ind., Ul, 138 (1931). 

« A. M. Heron. Mem., LXVHl, 69-80 (1936). 

* C. A. Hacket. Hee., XIV, 292 (1881). 
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traversed by the Chambal river and are some 1,000 feet thick, consist of shale, lime¬ 
stone and sandstone, the last often conglomeratic near the base of the sequence and 
sometimes containing boulders that range up to three feet Rcross. These boulders 
do not appear to include any of the volcanic beds found in the Son valley, and 
there are no traces of the Porcellanic bods. Furthermore, there are no important 
limestones to correspond with the Rohtas or other limestones of the more typical 
areas. The strata lie practically horizontal but with small, sudden warpings and 
puckerings ; at least 300 feet are seen but the base is not exposed. 

The shales, known as the Suket Shales, here well exposed are comparatively 
soft and fissile, breaking into small cakes and not into splinters. ^ The colour varies 
from a drab or buff on the lower slopes of the Kaimur Sandstone scarps, to darker, 
chocolate, purple or green tints in the river-bed sections. Glauconite-bearing 
bands occur high up under the scarp, and harder, micaceous, flaggy beds and free¬ 
stones, much used for building purposes, are found at lower horizons with some 
rare calcareous beds and thin layers of impure limestone. The most interesting 
feature of this area is the presence within the shales of what appear to be very 
small organic bodies in the form of concentrically wrinkled discs of carbonised 
substance, perhaps originally chitinous ; these have already been described 
(pp. 498-99). Under the scarp the Suket Shales of this section have been protected 
from crumpling by the over-lying Kaimur Sandstone ; away from the protective 
sandstone, the shales are apt to be considerably puckered. 

Nifflbahera area* —^Further west, there is a more complete sequence, lying 
with no visible discordance beneath the Kaimur Sandstone and comprising the 
following*:— 


(in feet) 


(4) Suket Shales.400 

(3) Nimbahera Limestone.480 

(2) Nimbahera Shales.150 

(1) Khori-Malan conglomeratic sandstone and boulder bed 30-40 


These beds give rise to no surface features, with the exception of the low ridge 
of the basal stage between Malan and Binota. Both the Nimbahera and the Suket 
Shales are scarcely ever seen, except in stream courses and, though the Nimbahera 
Limestone crops out extensively over a rough rocky country, the slabs of this 
stone project no more than a foot or two above the surface without even the forma¬ 
tion of hillocks. 

In this area the Suket Shales, warped into a set of narrow, gently undulating 
N.-S. folds, are soft, fissile and fragile, often ripple-marked and frequently jointed 
in colours varying from purple, grey, buff greenish blue or chocolate to almost 
black. Resting conformably on the Nimbahera Limestone and passing up without 
discordance into the Kaimur Sandstone, they contain among their lower members 
bard, siliceous and micaceous flagstones, largely used for building purposes locally 
occasionally the shales are calcareous. They are underlain by a distinctive, pale 


1 Oen. Rep., Ree., XXXVm, 66 (1909). 

* A. L. Coulson. Ree., LX, 168 (1927); A. M. Heron. JIfem., LXVIII, 74 (1936). 
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grey, fine-grained, hard, compact, regularly-jointed, non-crystalline, slabby lime¬ 
stone, occurring in beds from one to two feet thick, separated from each other by 
brown argillaceous or siliceous partings. It is extensively quarried as a building 
stone and is almost fit for lithographic purposes. This limestone, to which the 
name of Nimbahera has been given, is continuous from near Jawad to Nimbahera 
and thence still further westwards at intervals as far as the undulating ground be¬ 
tween Malan and Binota. It is from 200 to 450 feet thick and passes down through 
30 feet of impure, deep reddish purple limestone into about 150 feet, of brown or 
purple shale, known as the Nimbahera Shale, typically Vindhyan in aspect and, 
according to Dr, Heron, homogeneous, splintery and rather siliceous. Near the 
dislocation known as the Great Boundary Fault, this shale, where it abuts against^ 
the Bundelkhand Granite is crumpled and crushed, breaking into fusiform splinters. 
This shale stage passes down finally into a curiously local basement bed which, 
where present, is made up of dark purple or greenish brown sandstone or grit, with 
thin beds of fine ferruginous conglomerate, especially near the top. This basal 
stage, which is known as the Khori-Malan stage and resembles in every way some 
sandstones, quartzites and conglomerates found in Karauli and believed to form the 
base of the Lower Vindhyan in that State, is practically confined to the localities 
of Ehori and Malan, where it forms a low but well-marked scarp, with a dip of 
30®-35®, encircling the nearly flat trough of Nimbahera Limestone.^ Near Binota 
the base of this stage is a boulder bed, 30-40 feet thick only, composed of large 
well-rounded boulders of quartzite, some of them two or more feet in diameter, 
and pebbles of granite, gabbro and other rocks, in a purple, ferruginous, sandy 
matrix. ‘ Towards Khori, the boulder bed becomes very thin and may in places 
be absent or represented by occasional, large, rounded, more or less isolated boulders. 
The sandstone is made up of angular grains of quartz, with a few minute flakes, 
of mica, and grains of magnetite and haematite, in a cement which is mostly haema¬ 
tite. \^en present, the Khori-Malan stage lies upon either the Binota Shales (Ara- 
yalli) or the Jiran Sandstone (Delhi).* Elsewhere, it is the Nimbahera Shales 
which rest directly upon either the Binota Shales or the Jiran Sandstone. 

The Nimbahera Limestone may be the equivalent of the Tirohan or Bohtas 
Limestone of the Bundelkhand and Son areas, the Suket Shales corresponding 
perhaps to the shales found above the latter. Whether th^lauconitic beds of the 
Kukdeshwar and Bampura area represent the top of the Oeinjua stage remains 
to be decided. 


(Vi) EASTERN RAJPUTANA. 

Mode of occurrence and general character.— In Karauli and the neigh¬ 
bourhood of Gangapur in eastern Bajputana, several small isolated patches of 
Lower Vindhyan strata have been described by Heron, bordering outcrops of Upper 
Vindhyan.* The general trend of the topography and strike of the rocks are N.E- 
S. W., the exposures of the Lower Vindhyan lying between two N.E.-S.W. strike 
faults of echeloned portions of the Great Boundary Fault of Bajputana. They 
form the lowest beds exposed in a double syncline of Vindhyan rocks and extend 
Bouthwestwards to the Banthambhor hills^ on the Aravalli (Gwalior) quartzite 

* Oen, Bep., Bee., LIX, 97 (1926)^ 

. * Oen. Bep., Bee., XLIV, 29 (1914); A. M. Heron. Jfem., LXVIU, 75 (1936). 

* The **D6lhi Quartzite'* of Hsoket. 

* iTem., XLV, 145-168 (1922). 
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►on whicli they rest with a strong unconformity; it is only in this latter locality 
that their base is seen. The most prominent and constant member is a siliceous 
breccia identified as the Tirohan Breccia of Bundelkhand. Below this is the Tirohan 
Limestone with irregularly distributed quartzites and conglomerates at the base, 
but both the limestone and underlying beds are capricious in their development. 
No other members of the Lower Vindhyan have been recognised in this area. 

Base. —Except at Sherpur, the Tirohan Limestone, wherever its base is seen 
is found to rest with no visible unconformity on pinkish quartzites (“Gwalior” 
quartzites) belonging to the Aravalli system, without an intervening grit or conglo¬ 
merate. At Sherpur, an illuminating section shows at the base Aravalli (Gwalior) 
shales on which lies with a marked unconformity a coarse quartzite conglomerate, 
the material of all its boulders being identical with and evidently derived from 
the pink Gwalior quartzites of the adjacent scarps to the southeast. This conglo¬ 
merate passes up into the Tirohan Limestone with cherty and shaly bands, and 
is, therefore, classified with the Lower Vindhyan ; the passage bed between the • 
•conglomerate and the limestone consists of boulders in a calcareous matrix. 

Tirohan Limestone. —The Tirohan limestone is exposed at intervals only 
dipping at low angles below the breccia. Its junction with the latter is never 
clearly seen and since the base and top are never clearly observed in the same 
section, its true thickness cannot be estimated ; the maximum thickness exposed 
does not exceed 30 or 40 feet. The rock is dolomitised, and identical in appearance 
with the limestone at Tirohan. Intcrbedded shales and quartzites, and in one 
place a band of silicified oolite, have been observed. At Jirota, in western Earauli 
the chert and jasper from this limestone had evidently been used in the Stone 
Age, since cores, rough spear-heads scrapers, and arrow-heads can be picked up 
in largo numbers. 

Tirohan Breccia. —The Tirohan breccia varies from a cryptocrystalline, siliceous 
matrix containing sharply angular fragments of all sizes of pure white chert, to a 
banded yellow and white chert in which the bands, full of quartz-lined cavities, 
are twisted in all directions. Ferruginous varieties have been used for native 
iron smelting. The breccia is unstratified; its thickness is difficult to estimate but 
is not likely to exceed 200 feet. This rock sometimes rests directly on the 
conglomerate, at other times even the latter is absent and local coarse sand¬ 
stones alone intervene between the breccia a'nd the underlying Gwaliors. 
There is clear field-evidence that the breccia is autoclastic in origin. Cases have 
been observed in which the disruption and shifting of the cherty layers have not 
proceeded far enough to obscure their original continuity; there are in fact all stages 
between unbroken strips to rock-masses in which chert fragments are scattered 
without any visible mutual connection. Although the overlying Eaimurs also 
show some brecciation, the Eaimur conglomerate is quite distinct from the breccia 
and is a stratified aqueous deposit. The collapse which caused brecciation is 
thought, however, to have commenced prior to the formation of the conglomerate, 
since the latter includes locally denuded portions of the breccia; the junction 
between the breccia and the Eaimur conglomerate is, in fact, an unconformable 
one.* 


* A. M. Heron, Mem., XLV, 162-156 (1922). 
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Disappearance Southwestwards.— Along the strike of the Karauli ex¬ 
posures in a southwestern direction, the Lower Vindhyan is not present, as a 
recent survey of Bundi State has shpwn, unless the black shales and inconstant 
sandstone found beneath the Upper Eaimur Sandstone to the east of Bundi town 
are representatives of the Eheinjua stage, to which they have resemblances. 

(vil) LOWER VINDHYAN BASIC DYKES. 

The latest rock of the lower Vindhyan epoch in Rajputana and the Son valley 
seems to have been that of the basic dykes which have penetrated the Lower but 
not the Upper Vindhyan. Doleritic intrusions of this kind have been recorded 
by Auden, stopping short at the Kaimur Sandstone. These are mostly weathered,, 
in one case producing the simulation of a sandstone dyke, but fresh rock is occasion¬ 
ally found, varying from a typical dolerite to more basaltic forms. The doleritic 
type comprises crystals of highly-zoned felspar (mostly andesine) and pyroxene, 
with interstitial patches of micrographic quartz and felspar. Among the pyroxe¬ 
nes, the rhombic varieties, showing considerable bastite formation, predominate 
over the augite which is less weathered; ilmenite and pyrites are both present, 
and the interstitial patches are turbid with alteration products. In the 
basaltic variety long slender phenocrysts of enstatite, considerably altered to 
bastite, occur in a groundmass of augite, zoned felspars (approximating andesine),. 
iron ores, and a dark-coloured glass with small crystals of iron ore.* 

A possible age for the Newer Dolerites of Singhbhum is Lower Vindhyan. 

A few basic dykes of insignificant size but of similar composition have been 
noted in the State of Idar, in one case at least penetrating the Erinpura Granite. 
Most of them are too weathered to allow of classification, but they are all thought 
to be of the same age as the intrusions of western Rajputana. One of them, an 
olivine dolerite, shows traces of ophitic structure. Another has a gabbro-like 
arrangement of labradorite, dialiagic pyroxene, olivine, and iron ore with which 
is associated biotite, and has produced with the invaded granite a hybrid rock 
characterised by large glistening poikilitic plates of biotite. 

Possibly the outburst of basalt observed by W. T. Blanfo'rd between Lawa 
(Lowo) and Fokaran, near the boulder bed of probably Vindhyan age (p. 552) 
belongs to this suite, but the relations of the rock are not clear.* 

As is the case on the southeastern side of the Aravalli range, the latest rock 
of the Lower Vindhyan epoch on the northwest seems to have been that of certain 
basic dykes, which are found penetrating all the rocks of the Marwar area includ¬ 
ing the Malani Granite and Rhyolite but which have not been observed in the 
overlying outcrops of Vmdhyan sandstone belonging probably to the Upper division 
of that system. Some of these intrusions have already been described since they 
appear to have commenced before the beginning of the Malani epoch, and belong 
to the youngest of the three phases into which it has been provisionally found 
necessary to divide the basic dykes of the Aravalli region (see. p. 260). 


t J. B. Auden. Mem., LXII, 19M92 (1933). 

* Whether the olivine bearing Juturu dyke described in the previous chapter belongs to thia 

suite or is older is not known. 

* Bee., X, 13 (18771. 
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Some of the dykes of this youngeet phase are definitely post Malani but consist', 
]]ke the others, of altered dolerite or diabase, made up of plagioclase, olivine and 
augite, with a small amount of biotite.^ The majority of them in this region trend 
N.-S. but another system crosses them almost at right angles, they occasionally 
attain large dimensions, some of them being at leai^ 200 feet wide. The dykes 
have taken advantage of joint-planes in the Malani lavas and granite and must 
have been injected, therefore, subsequent to the effusion and intrusion of these 
acid rocks, after an interval sufficient for the formation of such planes of fission. 
Usually the dyke rocks weather more readily than the surrounding rocks, and thus 
give rise to narrow steep-aided chasms which frequently form passes on the crests of 
the hill ranges.^ Similar dolerites intrude the Malani granite of Sirohi State.^ 

UPPER VINDHYAN 

Possibly organic impressions.— In the Upper Vindhyan, which follows so 
constantly upon the Lower, no determinable fossils have so far been discovered 
but marlangs, impressions and shaped prominences are abundant at certain hori¬ 
zons, and some of them may be relics of organic life. In the accompanying plate 
are illustrated some of these markings, which are profusely scattered over the 
surface of sandstone slabs in the Sirbu Shales (Lower Bhander) of Bhopal.* 
Rare lenticles of vitrain found by Fox in carbonaceous shales—^perhaps the 
Bijaigarh Shales—near the base of the Kaimur series, at Japla near Rohtasgarh, 
indicate the former existence of vegetable matter, five grammes of this bright 
coal on analysis gave 65*62 per cent, of fixed carbon, 11*34 per cent of volatile 
matter, 4*24 per cent, of moisture and 18*80 per cent, of ash, but much of the 
last-mentioned constituent was probably extraneous matter adherent to the coal 
particles.® No identifiable plant remains have been found, and the so-called 
‘Tuciod m,arkings” arc probably either concretionary structures or tracks of 
some obscure aquatic animal.® 

Noire of the above-mentioned impressions has so far been sufficiently determined 
to afford any indication of the period .to which the Upper ®indhyan should be 
referred. That it is older than the Upper Carboniferous is conclusively proved 
by the presence of pebbles of Vindhyan rocks in the Talchir Conglomerate. Judg¬ 
ing from, its thickness, which is over 12,000 feet, the Upper Bindhyan might well 
include an appreciable portion of the early Palsoozoic. 

While the Lower Vindhyan is on the whole argillaceous and calcareous, the 
Upper is essentially arenaceous , the change in fact from the fine-grained deposits 
of the Rohtas to the coarse sandstone of the Kaimur series is as sudden as it is 
widespread. In a few places, there is a visible unconformity between the Lower 
and U^iper divisions of this system. Such discordance must not be confused with 


1 T. H. D. La Touche. Mem,, XXXV, 25 (1902). 
a Oen. Rep,, Rec 1897-98, 36-37. 

3 A. L. Coulson. Mem,, LXIII, 113 (1933). 

* At Lilgar. See E. Vredenburg Rec„ XXXVI, 248-249 (1908). 

» Oen, Rep,,Rec„ LXII, 35 (1929) ;0. S. Fox. Mem,, LVII, 26 (1931); J. B. Auden. 
Mem., LXII, 216 (1933). 

• B. S.^hni, Proc. 8th Ind, 8ei, Congr,, VIII (1921). 

9 Q81/64 


3 




.518 MANUAL OF GBOLOOT OF INDIA AND BUBMA [VOL. 

the twibting and contortion often seen in the Lower Vindhyan hot far below a 
practically undisturbed outcrop of the Enimura; such ruclang is just as likely 
to have been the result of pressure subsequent to the Upper Bindhyan period 
upon rocks of different competency, and some of it may even be due to the weight 
of adjoining elevated masses upon yielding beds. The chief reasons for grouping 
these older and younger beds as divisions of the same system are: (i) the lack of 
discordance between the two in the majority of sections, (ii) the fact that the 
older is invariably followed by the younger. The latter statement, however, does 
not apply to the presumed equivalents of the Lower Vindhyan found to the south 
of the gneissic barrier-—i.e. to the Bhimas, Eumools, and other formations. 

Distribution. —^TheJDi^er. Vindhyans are found an almost continuous 
but irregular outcrop from Chitor in the west to Sasaram in the east. A large 
and roughly square area—^the ^^blade” of the *^axe” mentioned earlier in this 
ohapter^some 250 miles across its diagonal, and having its four corners at Achnera 
to the north (west of Agra), Chitor on the west, the Narbada valley opposite the 
Dhar State to the south, and a point north of Narsinghpur in the Central Provinces 
on the east, is all presumably occupied by Vindhyan deposits although, as already 
noted, a very large part of it is covered by the Deccan Trap of the Malwa plateau. 
From the neighbourhood of Saugor and Narringhpur, a long trip—^the “haft’’ 
of the “axe”—^with a maximum width of 50 miles, continues eastwards for 340 
miles to Sasaram In Bihar. The actual total exposure of the Vindhyan deposits, 
of which only a small proportion belongs to the Lower divifion, measures about 
40,000 square miles, but an additional 30,000 square miles probably lie beneath the 
Deccan Trap, and further tracts of unknown area are concealed below the alluvial 
deporits of the Ganges, Jumna and Narbada. The Purple Sandstone of the Salt 
Range; lying bMow Beds which have yielded Middle (or late Lower) Cambrian 
fossils, exhibits a noticeable resemblance to some of the Upper Vindhyan sandstones, 
ei^ecially those prone to a red colour such as the upper Bewah, the Upper Eaimur or 
the Upper Bhander. 

The area occupied by Upper Vindhyan rocks, especially in their eastern exten- 
; sion, is well marked off from the surrounding country, both by the greater elevation 
i of its plateau, and by the clearly cut escarpments by which it is almost everywhere 
bounded. The southern declivities, overlooking the Son and Narbada, are abrupt 
and precipitous, forming that long line of escarpment to which the name of 
“Bindhya” is more peculiarly applied. The “haft” of the “axe” is naturally 
divisible into three plateaux, each of which has for its floor one of the three great 
sandstones of the formation, the Eaimur, the Rewah or the Bhander. Over the 
edges of these plateaux the drainage makes its way in gorges and waterfalls, often 
of great beauty. Without exception the moat prominent features of the Vindhyan 
area are its numerous escarpments. Along some of the lines of scarp, outlying 
hills are very frequent: it is on such eminences, whether partially or completely 
detached, that hill forts such as Rohtasgarh, Chunar, Chiton Ealinjar and Gwalior^ 
have been constructed. 

Lower boundary.— Throughout a large part of its margin, the Upper Vindhyan 
lies unconformably upon either the Vijawar or Gwalior schists, both of supposed 
Dharwar age, or the Bundelkhand Granite or its Rajputana equivalent, the Berach 
. granite. On the great granite tract of Bundelkhand, outliers of Upp^r Vindhyan 
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•are uumeroup. and lie at consideiable distances from the scarp of the granite , the 
lower Vindhyan is not represented in these outliers. In the eastern branch of the 
main Vindhyan basin, however, and in the Dhar State, the Upper Vindhyan rests 
in most cases with no apparent unconformity, upon the Lower Bindhyan. In 
eastern Rajputana, t.e., along part of the cutting-edge of the “axe”, an unconfor¬ 
mity is seen at the base of the Kaimur, separating the Lower from the Upper 
Vindhyan, but there is a perfectly conformable sequence throughout the latter 
division, up to the highest horizon exposed, which is the Upper Bhander Sandstone. 
Some of the best examples of unconformity are to be seen in the three outliers 
south of the Son river, where rocks of almost certain Upper Vindhyan age rest 
upon vertical or steeply-dipping beds belonging to the Lower division of the system. 
In the Tirohan-Karwi area of Bundelkhand, the Kaimurs overlap the Lower, Vin¬ 
dhyan in a northerly direction, and were deposited in a basin already largely filled 
in by Lower Vindhyan rocks. 

Subdivision. —The following is a general classification of the Upper Vin¬ 
dhyan :— 


Bhander series 


BoAvah Series 


r Upper • 


Upper Bhander Sandstone. 




Lower 


Upper 

Lower 


L 


r Sirbu or Samria Shales. 

I Lower Bhander Sandstone. 
. Bhander Limestone. 
LGanurgarh Shales. 

. Upper Rewah Sandstone. 

{ Jhiri Shales. 

Lower Rewah Sandstone. 
Panna Shales. 


Kaimur Series 


I Upper . 
Lower . 

L 


[ Upper Kaimur Sandstone. 
Kaimur Conglomerate. 

|'Bijaigarh Shales. 

LLower Kaimur Sandstone. 


Character and mutual relationships of the subdivisions.— The Upper 
Vindhyan outcrop covers a very much larger spread of country than the Lower 
und, in a general way, is made up of several thick masses of sandstone with alter¬ 
nations of shale , the calcareous element is deficient, being represented only by a 
single limestone of importance. The subdivisions, especially those of tne Lower 
Rewah, are not all of them present in every section. Nevertheless, the general 
composition and arrangement of the Upper Vindhyan rocks is strikingTy uniform, 
and in spite of their obviously shallow-water nature, one of the most interesting 
and characteristic features of the group is the extraordinary persistence over the 
greater part of the great basin, not only of the chief but also of most of the minor 
aubdiviaioDS. All are, for instance, represented both to the east and to the north of 
the mass of the Deccan Trap which has covered so much of the outcrop in Central 
India. The Lower Bhander and Lower Rewah sandstones are attenuated or absent 
in certain directions, but there is usually an equivalent increase in tbe thickness 
•of the enclosing ahaels. Sometimes it is the great bands of shale which thin out 

dA 
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and disappear, allowing the main sandstones to coalesce. In eastern Bajputana, 
along the northern corner of the Vindhyan basin, every division of the Upper 
Vindhyau, with the exception of the Bijaigarh fjhales and Lower Kaimnr Sandstone, 
can be recognised, in spite of incomplete exposure caused by the alluvial deposits 
which so copiously fill the longitudinal valleys excavated in the shale bands. At 
a distance of several hundred miles, the same subdivision can often be recognised at 
once by the peculiarities which distinguish it elsewhere.^ The mutual relation 
between the sandstones, shales and limestones is an intimate one throughout* 
At the same time, while the passage upward from shale into limestone or into the 
great bands of sandstone is always more or less gradual and by interstratification^ 
the change into shale at the top of the great sandstone beds is generally abrupt. 

The beds of the lower stages are apt to show more change than those of the- 
higher, the lower sandstones are more vitrified and the lower shales more in¬ 
durated than the corresponding beds in the younger subdivisions. The reason for 
this is that the uppermost beds have never been overlain by younger deposits, nor,, 
except along certain local axes, disturbed to any extent by earth movement,, 
the Bhander series, for instance, seldom shows signs of any change. In most 
cases, not even the Gondwana beds are to be found in superposition upon the 
Vindhyan. Along local lines of distrubance, as for instance in the Dhar Forest 
area, the sandstones have been converted almost into quartzite and the altered 
aspect of the Vindhyans of this area is in contrast with the absence of matamorph- 
ism in the neighbouring Gondwanas. The presumed equivalents of those, beds 
in the Himalaya show, as we shouhl expect, much more alteration, a fact which 
does not diminish the difficulty in correlation. 

Although made up chiefly of sandstones—^deposits typical of the coarser kinds 
of detritus—tlie general fineness of the sediments which make up the formation is 
another remarkable fea-ture. Widesprea dripple-m-.irking tl\i-onghout the grt^at(»r 
part of the system and frequent current-bedding bear witness to the shallow jiature 
of the Upper Vindhyan waters, but pebble-beds are not of common occurrence 
among tfie deposits, with an exception in the case of the Kaimur Conglomerate, 
which is constantly present as a bottom bed all round the boundry in Bundelkhand. 
Perfect ripple-marks are often to be seen on the surffice of bed after bed throughout 
a thickness of hundreds of feet. Other general characteristics are the predominant 
reddish colour of the rocks and the deficiency of the calcareous element. Generally., 
the Upper Vindhyan rocks yield a poor soil and their outcrops are frequentir 
barren. 

Kaimur series.—The Kaimur (Kymore) attains its greatest extension 
horizontally and vertically, at the estern end of the Vindhyan area, and it is here 
specially that the lower subdivision of the scries is developed. This is of small 
importance compared with the upper, but is well seen east of Agori along the 
broad, shallow, ^riko-valley of the Ohagar, which has been excavated out of the 
Bijaigarh Shales. The latter crop out in the scrap at either side and on the flanks 
of the imposing hill from which they derive their name. Eastwards they can 
be traced, sometimes by one thick band, sometimes by several bands alternating 
with sandstone, and are well exposed in the Durgawati (Uoorgow^ee) valley, but 
are not found at Sasaram. West of the Ghagar, the Bijaigarh Shales can be followed 

1 F. R. Mallet. Mem,, VII, 48 (1869}. — 
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as far as Bardi (Burdheo), beyond which the Lower Kaimur Siindstone below and 
the Upper Kaimar Sandstone above form a single scarp. The thickness of the 
shales at Bijaigarh and in the Durgawati valley is about 150 feet. In places, the 
shales rest directly upon the Bohtas Limestone of the Lower Vindhyan, but else¬ 
where the Lower sandstone intervenes, and attains at Bijaigarh a thickness of 
200 feet or more, thinning out east and west. The lower division of the Kaimur, 
therefore, must have been deposited rather irregularly or in patches. 

East of Agori, the Lower Kaimur Sandstone stage consists of two well-defined 
bands of fine-grained, markedly lenticular quartzite, forming two distinct scarps 
with an intervening band of shale which contains an interesting breccia and some 
porcellanito beds. West of Markumli, the shales die out and the two quartzite 
bands coalesce to form a single scarp.^ The section east of Agori has been studied 
by Auden. Here, the lower gritty quartzite is generally more massive than the 
upper and includes lenticular patches of small pebbles, seldom more than half- 
«in-inch in diameter and consisting mostly of vein-quartz but sometimes of iron¬ 
stone , current-bedding is locally common. This cpiartzite }>asscs up into thinly- 
bedded, lenticular flagstones and mudstones, which show excellent sun-cracks and 
ripple-marks and are sometimes conglomeratic with ovoid lumps of black shale. 
Next come dark, micaceous, papery shales, with jet black, strongly-jointed, siliceous, 
and carbonaceous varieties, and thin bands of sideritic ironstone , interbedded with 
the black carbonaceous shales, which readily bleach, are some strongly-jointed 
])rorellanites, some light-coloured, others black-banded. In a clear-cut channel 
•or “washout” eroded by currents in these underlying siliceous shales lies the local 
♦Susnai conglomerate or breccia. This deposit, which swells from ten inches to 
seven feet within a distance of 20 ft, is composed of a gritty or quartzitic matrix, 
sometimes current-bedded, wth rounded and angular fragments of porcellanite— 
derived no doubt from the immediately adjoining porcellanite of this stage— 
and a few of red jasi>cr. The frequent and markedly angular habit of the porcella- 
nitc fragments, which gives the rock its breccia appearance, is probably & result of 
the strong jointing which such porcellanites possess, while the gradual grading of 
the Susiuii rock into gritty sandstone with a tew porcellaiute pebbles, and finally 
to a pebbleless gritty sandstone, confirms the conclusion—already indicated by 
the abru})t “washout” of the shales and tlie lenticular disposition of both the 
breccia and the underlying quartzite—^tbat the rock is not autoclastic but opiclastic. 
The upper quartzite of this succession resembles the lower, except that its bed¬ 
ding seldom exceeds three feet, and forms a rim surrounding the main scarp of the 
Upper Kaimur Sandstone. The sand grains of both upper and lower quartzites are 
nearly all beautifully rounded and coated with a cement of secondary silica , the 
rounding is almost certainly a result of wind action although the deposit itself is 
undoubtedly aqueous. Tourmaline is generally a very common constituent of 
the grains but felspar is absent. 

The sandstones or quarzites of the Lower Kaimur pass up gradually into the 
Bijaigarh (Bijigurb) Shales. These are fine-grained, carbonaceous, micaceous, 
frequently pyritous, and contain occasional ironstone bands, their upper horizon 
for ten feet or so have usually been bleached to red and yellow colours, due to the 
oxidation of pyrite with the formation of ferric oxides and sulphates, the latter 
appearing as a white effioresoence on the surface of the shale. The Bijaigarh shales 


^ J. B. Auden. Mem,, LXII, 171 (1933). 
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are very brittle and typically aftected by ‘‘pencir* fracture. The black varietiesi 
have been mistaken for coal; the actual presence of the latter substance is of 
purely academic interest. 

The only recorded occurrence of the Kaimur Conglomerate in the Son valley 
is about ten miles west of Badanpur, where four or five feet of it intervene between 
the Bijaigarh Shales and the Kaimur Sandstone; the pebbles here include a few 
of quartz but are, for the most part, ferruginous and almost hiematitic, like those 
of the doubtful Lower Vindhyan beds in the Chimur-IVlul area of the Central' 
Provinces, and measure up to four inches in diameter. Along the northern margin 
of this part of the Vindhyan outcrop, the conglomerate is largely though unequally 
developed in Bundelkhand, where it is everywhere conspicuous by reason of the 
bright red jasper pebbles ko prominent in it, presumably derived from the jasper- 
bands so abundant in the neighbouring Gwalior formation ; where the Kaimurs 
rest upon the Gwalior beds, the rock is a breccia rather than a conglomerate, the 
included fragments being quite angular. From Bundelkhand to Gwalior State the 
conglomerate is seldom entirely missing. In the latter uneven country, it is some¬ 
times absent on higher ground though present in thick masses in the hollows 
an interesting instance of this is seen near Duserai at the junction of the Par and 
Kaimur escarpments, where the pebbles of the conglomerate are seen piled against 
a steep bank of gneiss and Gwalior sandstone (see tig. 14).' Further west, in the- 



Fig. 14. Junction of the Vindhyan and the Par scarps, near Duserai. a, Kaimur Sandstone; 
6, Par Sandfstone; c, Kaimur Conglomerate ; d. Gneiss. ^ 

Narbada valley southeast of Bhopal, both the conglomerate and sandstone have 
been recognised. In southeastern Rajputana, the Kaimur Conglomerate is inti¬ 
mately associated with a breccia belonging to the Lower Vindhyan but is separated 
therefrom by an unconformity. It persists southwestwards into Bundi State 
where, although seldom more than eight feet thick and seen only to the north of the 
hills, it is a constant member of the series. In Mewar, further southwest, it is 
absent altogether, the uniformly fine-grained Kaimur Sandstone succeeding the 
Suket Shales with every appearance of conformity. InKarauli, northeast of 
Bundi, the thickness of the conglomerate is from six to 20 feet. 

Like that of the Lower Vindhyan, the Kaimpur Conglomerate is regarded as a 
shore deposit marking approximately the original limit of deposition in the* 
Vindhyan basin. In the outliers and spurs north of the main line of tho 
escarpment in Bundelkhand, the pebbles are much larger than they are in the deep 
valleys—^like that of the Ken—that cut back a long way south of the main scarp^; 
this increased coarseness in a northerly direction indicates the former existence 
of a coast-line close to the present northern border of the Vindhyan formation.. 
Further south, however, in the outliers south of the Son river, pebbles of quartz, 
and jasper found in the Vindhyan sandstone reach a foot in diameter; thia 
assemblage may correq>ond to. the Kaimpur Conglomerate which it, in places,, 
resembles. In eastern Rajputana, where the conglomerate is often only a foot 
or two thick th§Lpebbles range in size up to that of a walnut, and exceptionally 

I F. R. Kallet. Mm., VII, fig. 6, 58 (1871). 

• E. Vredenburg. Eso., XXXIII, 271 (1906). 
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to that of an oiange^ as often as not it occurs here as thin lenticular layers dis¬ 
tributed throughout a thickness of from ten to twnety feet of coarse sandstone or 
quartzite. 

The Kaimur Conglomerate is everywhere conspicuous by reason of the 
prominence therein of the bright red jasper pebbles derived from the Gwaliors 
or Bijawars ; it is typically seen on Pulkoa Hill near the river Ken in Bundelkhand, 
where the Vindhyans rest upon the Gwalior beds, as they do under Gwalior Fort, 
the rock has more the appearance of a breccia than a conglomerate. The amount 
of this easily recognisable jasper debris throughout such a length of outcrop and 
at such a distance from the nearest known area of Gwalior deposits, suggests 
the extensive removal of these rocks from the area now occupied by the uncovered 
gneiss. In eastern Rajputana, the Kaimur Conglomerate is composed of pebbles 
of white quartz, of red, black, brown and black-and-red striped jasper, and of 
white and black-and-white striped chert, lying in a scanty matrix of rather coarse 
grains of quartz. In Bundi State, the bulk of the pebbles also far exceeds that 
of the matrix; the pebbles here are small and consist of white reef-quartz, red 
and black jasper, with fragments of shale, sandstone, felspar and white and black 
chert.® 

The Upper Kaimur Sandstone—or Kaimur Sandstone as it is commonly called 
since it is in most places inseparable from what may be the equivalent of the Lower 
Kaimur Sandstone—is greyish, yellowish or pinkish and sometimes speckled with 
brown or brownish purple patches, in many cases spreading from the bedding 
planes and joints and due to the percolation of iron-bearing waters. It is hard 
and fine-grained, with minute specks of felspar. Like the other two great sand¬ 
stones of the Vindhyan system, it possesses individual characteristics which 
destinguish it from the others. On the whole, the bedding is of moderate thick¬ 
ness. Sometimes this stage is flaggy and shaly, especially towards its base where 
also the quartz grains are mostly angular. Massive beds are abundant in the main 
scarp, ranging from five to fifteen feet across, and in the Pichhor (Pichaur) outlier 
on the Bundelkhand Granite to the southeast of Gwalior city attain a thickness 
of thirty feet without joints or bedding. In these sandstones of the main 
scarp, the grain is usually fine, and there is an abundant clay matrix between the 
quartz grains, many of which show wind-rounding® ; towards the top they become 
purer and quarziticlh Current-bedding is frequent, sun-cracks and ripple-marks are 
abundant at certain horizons, and rain-pitting is occasionally identifiable. The\ 
upper surface of the sandstone is very uniform but its lower surface has usually \ 
had to adapt itself to a very uneven floor; a good instance of this is seen near \ 
Bastari (Bustori) in Gwalior, where an outlier of the sandstone stretches across ( 
and nearly fills one of the old valleys in the Gwalior series (see fig. 15).* 



Fig. 15, Section near Bustori (Bastsri).a, Kaimur Sandstone, 6, Jasper beds of Gwalior series 
e. Par Sandstone. 

In eastern Rajputana, along the northwestern boundary of the Vindhyan 
outcrop, the Kaimur is hidden beneath alluvium for some distance. Where ex- 

» A. M. Heron. Mem., XLV, 160 (1917). ^ 

• A. L. Goulson. Bee., LX, 168 (1927). 

• J. B. Auden. Mem., LXII. 183-4 (19SS). 

«'F. R. Mallet. Mem., VIl, fig. 7 ,68 (1871). 
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posed in this locality’, it is a sandstone oi quartzite, becoming in its higher horizon 
finer and whiter, flaggy, and spotted with pink; it is here, however, a very variable 
rock, with a thickness of about 1,000-1,200 feet, and is described as passing up 
into the Panna Shales.^ The sandstone is exposed in the Bundi State, where it is 
in general fine grained, well jointed, and always red in colour; its top is not seen 
here.* In the Bampura area, between Chitor and Jhalra Patan, the Kaimur fonns 
a very striking wall-like scarp and is a quartzite, rather than a sandstone^ot 
unlike ^me of the Delhi quartzites, and breaks with a rough conchoidal fracture 
into knife-edged splinters;® towards the Deccan Trap boundary are innumerable 
outliers of this quartzite, lying upon the Suket Shales but at a much lower level 
than in the main scarp. In southern Bajputana, gritty and conglomeratic bands, 
obviously derived from the Berach or Bundelkhand Granite, are found at or 
near the top of the stage. Southwest of Mandalgarh the Kaimur Sandstone is 
divided into two divisions by a thin band of shales; in the upper, bedding is more 
prominent than jointing, while in the lower the reverse is often the case.* In 
Bundelkhand also, Vredenburg found it possible to distinguish between a thick- 
bedded lower division, 300 feet thick, and a thin-bedded upper division of 200 feet.* 

In the country east of Chitorgarh, the Kaimur Sandstone is disposed in long, 
narrow, fusiform outliers, separated from each other by anticlinal valleys of Suket 
Shales, the maximum dip not usually eiweeding 15®. The outcrop of the Kaimur 
Sandstone is traversed by the Chambal river; above Bhainsrorgarh, the beds 
of quartzite, which here dip upstream, give rise to a series of small falls, whereas 
below the town where the dip is downstream and gentle the result is a succession 
of rapids. 

From the Bewah sandstone the Kaimur rock is distinguished by its greater 
purity, by its more quartzite-like character, and by the more marked tendency 
it shows to form great flat expanses of bare exfoliating rock ; in the Bewah rock 
jointing is more dominant, and there is a more copious division into cubical 
blocks. 


The thickness of the Kaimur varies enormously. From a few feet it may 
swell to 300 feet. At Bohtasgarh, in the extreme east, it is estimated to show 
1,300 feet ^ may Kave b^^^^ is now covered by no other l)eds. 

There is a magnificent section of this aeries in the deep and narrow gorge of the 
central Adh river. Westward along the Son valley, the Kaimur, represented 
by sandstone, most of it belonging no doubt to the Upper bed so named, becomes 
thinner and is reduced to less than 150 feet to the west of Badanpur; northwest 
of Katangi (Kuttungee),*, the Low^r Vindhyan inliers are in contract with the 
Bewah sandstone and the Kaimurs are absent. In Mewar the Kaimur is 100-250 
feet thick, in Bundi 100-120 feet^ and in Karauli not less than 100 feet. The 
Kaimur Sandstone makes a valuable building-stone and has been lareelv used 
in the Son Irrigation Works. ^ 

From a study of the Kaimurs of the Son Valley, Auden concludes that they 
were deposited under fluviatile conditions like those which pertained to the aoci^ 


^ A. M. Heron. Jfeiii., XLV, 161 (1917). 

* A L. Gonlbon. Btc., LX, 168 (1927). 

» Qtn., XXXVIII, 66-67, (1909). 

* A. M. Heron. Mem., LXVIII, 93, (1986). 

* Bee.. XXXUI, 267 (1906).) 

* A small village 22 miles K. K. W. of Jublmlpors, and not the town of that i 
Balaghat district, nor another in the district of ftaipur. 


the 



Chap. XIV.] pubana ob early palabozoio 525 

mulatioa of the Old Red Sandstone of Great Britain, which the Kaimurs so much 
resemble. The shallow seas, after the elevation which followed the Lower Vin- 
dhyan sedimentation, became flood-plain areas in inter-montane basins, upon 
which were deposited the Kaimur sands and silts, including material blown in by 
wind from the siliceous bordering regions', under a climate of seasonal rainfall and 
semi-arid conditions. This seasonal change and intermittent aridity are suggested. 
(!)• by the freshness of the basement granite and of the fragments of felspar in 
the overlapping beds of the Vindhyans where they come close to the granite, 
(ii) by the conspicuous rounding of the quartz grains which is most marked in the 
Lower Raimur Sandstone stage, but is present also in the Kheinjuas and the 
Upper Kaimurs and (iii) by the red and brown colours of the Upper Kaimur 
Sandstone, a feature repeated later in the Bhander Sandstone. Local swamp 
conditions caused the formation of the black ferruginous and carbonaceous shales 
of the Lower Kaimurs, but a final elevation of the whole area, with rejuvenation 
of the streams from the flanking mountains and conseqiient abundant supj^ly 
of sediment, resulted in the deposition of the thick Upper Kaimur Sandstone 
in the river reaches.^ 

Rewah Series. —The Rewah series is less constant than the other two and 
its stages are frequently missing ; its sediments seem to have been deposited upon 
a sloping floor of the Kaimurs. The Jhiri (Jheeree) Shales are said to differ 
from the Panna (Punna) in being softer, less regularly bedded, and mixed with 
numerous layers of soft earthy sandstone, but, like other shale bands, of the Vin- 
dhyan, neither stage presents any constant distinctive characters. The 
junctions of the Panna Shales with the underlying Kaimur Sandstone, and of 
the Jhiri Shales with the underlying Lower Rewah, Sandstone, show the 
customary sharpness, except in eastern Rajputana where the Panna Shales pass 
dowm imperceptibly into the Kaimur. The Lower Rewah Sandstone, except 
in eastern Rajputana and Gwalior, is but a local subdivision, and is not of the 
same continuity as the three great Vindhyan Sandstones. When present, it is 
characterised by the frequency of pebbles and the occasional presence of clay 
balls. It is absent in the extreme east of the Vindhyan area, but is well seen 
near the debouchure of the Tons river. At Panna, both it and the Panna Shales 
are absent; further west in Bundelkhand the Upper Rewah Sandstone lies directly 
upon the Kaimur Sandstone, while further west still the Upper Rewah is in contact 
with the Lower Vindhyan. The maximum thickness of the Lower Rewah in 
this region is about 530 feet, of which about 100 feet consist of the sandstone. 
Northwestwards, in Gwalior, all three stages of the Lower Rewah reappear, 
attaining a thickness of nearly 600 feet. They are also seen in eastern Rajputana 
along the southeastern flank of the Aravalli range, where the Lower Rewah Sand¬ 
stone is well developed and forms a scarp little inferior to that of the Upper Rewah 
Sandstone, expanding into an undulating plateau northeast of Khadarpur. The 
thicknesses here are : Panna Shales—^here not very distinctly laminated and break¬ 
ing conchoidally into sharp flakes—150 feet; Lower Rewah Sandstone 250 feet; 
and the Jhiri Shales, with yellow, brown and red limestone in thick beds at their 
base500-600 feet; giving a total of 900-1,000, feet. In Bundi State, the sandstone 
is sporadic and the Panna and Jhiri Shales are thin but persistent, well cleaved 


> J. B. Auden. Mem., LXII, 216, 220, 223 (1933). 
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and jointed ; the younger of the two shale stages, here about 100 feet thick, oontaina* 
limestone bands, not at the base but among the upper horizons near Indargarh. 
In Mewar, where the Lower Bewah Sandstone is absent, it is impossible to disting¬ 
uish the boundary between the Panna and Jhiri Shales and the succession, 
varying in thickness from 150 to 350 feet, is best alluded to as the Rewah 
Shales.i A short distance above the base of these shales in the western folded 
portion of the plateau, a local quartzite, from three to six feet in thickness rippfe- 
marked, sun-craked and sometimes gritty, is a member of the gently-folded 
N.-S. anticlines and synclines.* The Fort of Bhainsrorgarh is built on a bluff 
of Rewah shales overlooking the Chambal river; here the shales are quite hori¬ 
zontal and are traversed by widely spaced, perfectly straight master-joints, sg 
persistent in length and depth that the face of the bluff, defined thereby, has the 
appearance of having been artificially dressed. It is doubtful whether the Panna 
Shales are representated in Bhopal; the Lower Rewah Sandstone, the Jhiri Shales 
and the Upper Rewah Sandstone, however, are all present in that state. 

The Upper Rewah Sandstone is not unlike the Kaimur, but is generally less- 
hard and quartzitic, more impure, and somewhat coarser in grain; furthermore,, 
it is usually darker in colour, more prone to iron-staining, characterised by more 
frequent intercalations of shale, and more liable to break along joints into large 
cubical blocks. It usually presents a mixture of massive strata and current- 
bedded flags; nodules of brown ironstone, weathered out from the sandstone, are 
very frequent on the dip-slopes. The full thickness of this sandstone in the Rewah 
State, where not denuded, is nearly 500 feet. Westwards, along the Narbada, 
valley, it increases to not less than 1,000 feet at Katangi, and to close on 6,000* 
feet at Hoshangabad ; in the Dhar Forest area, its thickness is said to be nearer 
10,000 feet, but it is uncertain whether this section belongs entirely to the Upper 
Rewah. In Bhopal and the Dhar Forest, the Upper Rewah Sandstone is 
purplish, quartzitic, frequently ripple-marked and conglomeratic, the pebbles, 
which are of no great size consisting of matamorphic and other rocks; the 
sandstone here rests quite unconformably upon the Bijawars and contains frag¬ 
ments of the latter in its conglomerate. In eastern Rajputana, though only 
about 130 feet thick the Upper Rewah Sandstone forms a prominent landmark 
above the shales, and is much indurated, approaching nearer to the consistency 
of quartzite than any other of the Upper Vindhayan stages.® It is here fine-grain¬ 
ed, compact, white or pale greay, sparingly stained with purple near its joints 
and occurring in beds of uniform and medium thickness, with intercalated zones 
of thin-bedded, flaggy strata; the whole stage is regularly jointed and shows 
great regularity of type, the top of the scarp consisting of a very distinct^ massive, 
white quartzite with a marked tendency to weather along its joints into very 
large sub-spherical blocks. In Bundi the rock, usually of a yellow colour, varies 
very greatly in extent and thickness. It is not exposed southwest of Bundi city 
but the Fort to the north of the latter is built upon a large mass of it. Its base 
is here very conglomeratic, pebbles of quartz and small felspars lying in a fine 
grained, siliceous matrixdefinite limestones come in and at the junction with 
the Jhiri Shales there is usually some ferruginous ochre and occasionally kaolin* 


1 A. L. Coulson. Rfc., LX, 168 (1927). 

> A M. Heron. Mem., LXVIII, 08 (1936). 
• A. M. Heron, mem., XLV» 166 (1917). 
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The dip in Bundi may be as low as 10° or 15°, but in places the folding has been 
sharp and the beds are highly disturbed ; the maximum thickness is about 300 
feet. The rock, being flaggy, is used locally in Bundi for buildiiig purposes. Fur¬ 
ther southwest, near Bhainsrorgarh, the stage is much reduced in thickness in 
some places to three feet only, and is interbedded with shales; further in this 
direction it thickens again considerably and includes shales. In the Parsoli- 
BicKor area, southwest of Mandalgarh, gritty and finely conglomeratic banda 
form part of the sequence and near the top arc highly ferruginous, passing up 
into the Gunurgarh 8halcs. 


Diamonds in the Vindhyans.- -Diamonds occur in the main Vindhyan basiu- 
Here, as in the Kurnool district of Madras, the great majority of the diggings 
are alluvial, but the moat important workiiigs and those upon which most labour 
is spent are in a conglomerate at the local base of the Rewah, below what are 
thought to be the Jhiri Shales. Notwithstaixding the wide range of this conglo¬ 
merate stage, it is known to be reductive only within a small area of the Panna 
State, on the borders of the Bundelkhand Granit(\ This conglomerate comprises 
an arenaceous matrix with vein-quartz pebbles derived from the granite area, jasper 
pebbles from the l^ijawar series, and others—especially those of a green vitreous 
quartzite—from the Lower Vindhyan ; fragments of heavy minerals such as galena 
are also present. The diamonds occcur as pebbles among the others. 

Near the town of Panna, the principal diamondiferous conglomerate—locally 
known as mudda —rests directly ui>on the upx)ermo8t surface of the Kaimur Sand¬ 
stone, and, though often discontinuous, is found over a large area ; its thickness 
seldom exceeds two feet. A more friable conglomerate wdth a shaly matrix, also 
diamond-bearing, sometimes overlies the more indurated sandy one.^ East of 
Panna, in the neighbourhood of Itwa, the dimond-bearing conglomerate is sepa¬ 
rated from the Kaimur Sandstone by 20-25 feet of shale and limestone, while a sub¬ 
sidiary band of sandstone, some 20 feet thick, overlies the conglomerate and under¬ 
lies the. Jhiri Shales, Four miles further east is another diamondiferous con¬ 
glomerate at the upx)er surface of this subsidiary sandstone, between it and the 
Jhiri Shales. In some of the workings, as for instance those at Sakeria, diamonds 
have been obtained from a horizon which is believed to be higher in the sequence 
and to occur at the base of the Bhander (Ganurgarh) Shales, overlying the Upper 
Rewah Sandstone. Whatever its precise position may be the large pebbles^ 
of the gravels derived from this higher conglomerate consist exclusively of vein- 
quartz. The point is interesting in that it confirms the conslusion that the dia¬ 
monds were originally derived from the Bundelkhand Granite area in which the 
vein-quartz occurs. The absence in this particular conglomerate of the jasper 
pebbles of the Bijawar rocks and the quartzite pebbles of the Lower Vindhyans,. 
both of which t 3 rpes are abundant in the lower conglomerate, shows that the 
material of the upper cor glomerate is neither a redistributed product of the lower 
one, nor one derived from the denudation of either of the above formations. 
The quartz pebbles derived from the granitic area must, therefore, be looked 
upon as the essential associates of the diamonds, and the original home of the 

S m must be—^not, as was first suggested, the greenish quartzite of Lower Yin- 
lyan age—but one of the rocks of the granitic region, either the granite itself,. 


^ B. Vredenburg. Rec,, XXXIII,89 (1906).) 
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•or jits quartz reefs, or more probably the basic dykes which traverse it. As we 
have seen, the diamonds of Madras occur in conglomerates of presumed Lower 
Vindhyan age in close proximity to a crystalline genissic or granitic area traver- 
:aed by innumerable basic dykes—in this case, of Guddapah (Cheyair) age. 

The discovery of diamonds in the Panna State is of more recent date than 
that made in southern India. The Panna gems beong to the hcxakisoctahedral 
form, with curve faces; the majority are unbroken and remarkably perfect. 
Measurements made by S. Ramaseshan prove that the curvature of the crystal 
faces is greater in the case of smaller diamonds; that the curvature is in no way 
the result of erosion but is an intrinsic property of the diamond is indicated 
by the fact that each face is practically a spherical triangle. These facts support 
the conclusion of Sir C. V. Raman that such curvature is due to izxter- 
facial tension between the drop of liquid carbon before solidification and the 
parent magma, and not a result of corrosion effected by a solvent or of mecha¬ 
nical erosion. The colour is either a brilliant white, or a more beautiful blue 
white which is unknown among South African specimens. The stones are 
obtained from cylindrical pits up to 60 feet in depth and sometimes connected 
by galleries. To extract the gems, the conglomerate is rendered friable by repeated 
surface heating. 

Bhander series. —As a result of the very flat basin-like nature of the main 
Vindhyan area, the youngest series, the Bhander (Bundair; Bhanrer), covers 
a larger exposed surface than the others; its outcrop includes a very large tract 
from SaugoT to beyond Rewah, spreading over a wide extent of country southwest 
of Agra. A considerable portion of the Trap area north of the Narbada and east 
of Nimach (Neemach) is know to be underlain by beds of the Bhander series; 
this is proved by the occurrence of inliers far away from the boundry of the main 
outcrop. 

Of the Lower Bhander, the Ganurgarh (Gunoorgurh) Shales at the bottom and 
the Sirbu (Sirboo) Shales at the top are of the usual Vindhyan type ; the latter 
are frequently aluminous. Rain-drop pitting, as well as ripple-marking, has 
been observed in these shales. In the Gunurgarh Shales of Mewar, 50-100 feet 
thick ripple marking is abundant and sun-cracks are often to be seen ; here the 
beds are characterised by a somewhat conspicuous red colour, except in the Parsoli- 
Bichor syncline where they are light brown. Near Bhainsrorgarh, the Gunurgarh 
Shales are surprisingly insignificant and nondescrqzt; here they are grey in 
colour, sandy, rather hard and splintery, with a few layers of yellowish brown 
limestone.^ In the type area of Baghelkhand, the Ganurgarh Shales are 400 
feet thick, but in Bundi, where they form a very constant member of the Bhander 
aeries, they attain an average of 600 feet.* In the latter State, they usually 
possess a cross-jointed slaty cleavage and are more ferruginous than the average 
Vindhyan shale; intercalated with them are thin-bedded, piidcish limeston^, 
sandstones and quartzites. In eastern Rajputana, the bright red and yellow 
Ganurgarh Shales, 150-200 feet thick, resting on the Upper Rewah Sandstone, 
pass up into the Bhander Limestone. 


* a: M. Heron, Mem., LXVIII, 103 (1936). 

• A. L. Couleon. Rec., LX, 173,(l927h 
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The Bhander Limestone is the most variable rock of the series, but is one of 
the most constant of the Vindhyan stages^nd for that reason an important marker 
horizon. Sometimes there are as much as 260 feet of firm stone ; elsewhere there 
is much less, the carbonate of lime being disseminated amongst the calcareoua 
shales associated with the limestone and partly taking its place. The limestone 
is generally earthy and compact, of grey, yellow or reddish tints. Heron remarka 
that it is not unlike the Nimbahera Limestone, though its peculiar conceretionary 
variety, is not to be matched in the older rock. Like the Nimbahera Limestone,, 
it weathers into smooth grey slabs with distinct and moderately thick bedding, 
often varied with yellow and brown argillaceous bands. In Mewar, where it 
is 250-300 feet thick the limestone becomes sandy at the top where it passes up 
into the Sirbhu Shales; in eastern Rajputana (Karauli), its thickness is 260 feet. 
In Bundi State, this easily recognisable limestone is from 200 to 300 feet thick, 
thin-bedded, typically grey-blue but sometimes pink or purple in colour, cherty, 
and with very little crystallisation ; it is used for building purposes and for lime¬ 
burning in the Damoh area, and for lime and cement manufacture at Lakheri 
where it contains more than 16 per cent, of silica.^ The curious markings abund¬ 
ant on the weathered surfaces of certain of its beds in Bundi are, according to. 
Dr. Heron, concretionary and not organic. In eastern Rajputana, this stage 
some 260 feet thick, is of much the same character and passes up into overlying 
sandstones aiul shales through fine, yellow, nodular, siliceous beds. 


The Lower Bliander Sandstone is one of the most inconstant divisions of the 
Upper Vindhyan, and is frequently absent altogether—as it appears to be in Bundi. 
In eastern Rajputana, it cannot be separated from the Sirbu Shales. 


In their tyj)e area of Sirbu Hill in Rewah, the Sirbu Shales vary from 300. 
to 800 ftM't ill thickiiess. Tii eastern Rajputana (Karauli), they are 500-600 feet 
thick hut thin out markedly when foll(»wed soiitliwc^stwards through Bundi 
to Mewar, where they form a thin but persistent baud along tin? Bhander scar]>., 
100 and 150 feet thick, resjjcctively. All tlie clii’is rising from the low ravine 
country hear the (’hainbal and known as the hhcrar in ej*,stern Rajputana are 
composed of tli(*se shales, dark red and olive in colour, more .'•rMuly and thicker- 
bedded than the t’auna or Jliiri shale.s of the neighbourhood, and containing 
several subordinated saiidostoiies similar in character to the Ui>per Bhander. In 
Bundi ajid soiitlieasteni Mewar, where the Jjower Bhander Sandstone is unre¬ 
presented, the Sirbu Shales, locally known as the, Samria Shales, re.st directl}^ 
upon the Bhander Limestone. Hereon describes them as grey, drab, olive, and 
dark red-brown in colour, hard, and splintery, non-fissile, and rather thick-bedded 
for shales, whth numerous thin beds of fiin*-graiued sandstone w'hieh project on 
w’Catliering. At their base are passage, intercalations wdth the underlying 
limestone through a vertical distance often or fifteen feet; near the base is a band 
of massive ])in sandstone. At the top, these beds-pass into grey and pinkish 
puT])le, ripple-marked sandstones, blotched with brown. In Mewar the up])er 
portion of the Sirbu Shales is in most places concealed by debris from the over¬ 
lying Upper Bhander Sandstone. In Bundi, this stage probably includes some 


i Abstr. Joint Meeting, Irid, Acad. Sci., d: Nat., Acad. Set, Hyderabad, Dec. 1943, p. 12, 
'^Current Science,'' VoJ. U, p. 261 (1942). 
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fissile and ferruginous shales described by Dr. Coulson as capped in places by 
intercalations of grits, sandstones and quartzites, the grits containing abundant 
angular and rounded fragments of quartz. 

The Upper Bhander Sandstone differs considerably from the Rewah and 
Kaimur Sai^tones and is less metamorphosed. Typically, it is softer, very fine 
in gram, often shaly, and generally distinguishable by its characteristic colour 
of deep red with white specks, or paler tints with or without red streaks. There 
is an immense profusion of ripple-marking, while sun-cracks and water-channel¬ 
ling are not infrequent; rain-pitting, however, does not appear to have been ob¬ 
served. The individual beds are usually thinner than those of the older sand¬ 
stones. From six to eighteen inches is a common thickness for the flags but many 
rise to three or four feet; more massive beds do occur, as witness the great mono¬ 
liths cut from the quarries at Rupbas (Rupas) near Bharatpur. Fine flags are 
quarried at Damoh. The Upper Bhander Sandstone is perhaps the most import¬ 
ant building-stone of northern India and has in the past been the predominant 
material used in the historic buildings of this part of the Peninsula, especially 
in those of Agra and Delhi. In the type area its thickness varies from* 200 to 
•3,000 feet. 

In eastern Rajputana the Upper Bhander Sandstone stage is from 500 to 600 
feet thick, and covers the surface of the plateau, a part of which—locally known 
as they dang —^has been separated off from the main portion by the Chambal river 
flowing from southwest to northeast. From the bold scarp overlooking the river 
there is a very gentle decline of the dang surface northwestwards towards Karauli 
city. Contrary to its usual habit, the Upper Bhander Sandstone is hero often 
full of small quartz pebbles, scattered and in strings and layers, an indication 
perhaps of the proximity of the original limit of deposition.^ In Bundi, it is the 
most strongly developed stage of the Upper Vindhyan and attains a total thick¬ 
ness of about 2,600 feet; it is here characterised by rolling dips up to 25®, but 
along the northern part of the outcrop it is much disturbed, with dips of 70° 
and 80°. The lower beds in Bundi are usually fine-grained, rod and compact, 
and are succeeded by a great thickness of white quartzite with a coarse grit at 
its base which has been used for glass-making ; the weathered surface of the quart¬ 
zite has a vesicular appearance due to the removal of ferruginous cementing 
material. 

In Me war, along the north western edge of the main plateau, the Upper Bhander 
Sandstone stage, over 400 feet thick, is described by Dr. Heron as consisting 
•of a basal five feet of pinkish and grey sandstone blotched with brown, followed 
by red-brown sandstones. The latter, which form the bulk of the stage, occur 
in thick beds of freestone up to ten feet thick, fine-grained, ripple-marked and 
current-bedded. These are typical Upper Bhander sandstones except that they 
lack the fawn and cream-eoloured spots and splashes which those sandstones 
often, but not invariably, exhibit. In the semicircular waterfall at the head of 
the Mandal oailon, about 40 feet of these massive beds are exposed, overlying 
150 feet of Sirbu Shales. These are the sandstones which have been used so 
oxtensively in the past; the temples and gateway of Mandal, constructed of this 


<A. M. Heron. Mm.. XLV, 168 (1917). 
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«tone, are said to date back as far as the tenth or eleventh century. In places 
this useful freestone is replaced by a quartzitic sandstone which, though not so- 
easily dressed, has a quadrangular jointing and has been utilized in local build¬ 
ings. In the centre of the Parsoli-Bichor syncline, the Upper Bhander 
Sandstone, here almost a quartzite, has a general resemblance to the Kaimur 
And the Bewah Sandstones, though darker. Towards the top of the stag n 
Mewar occur intercalations of reddish shale.^ 

Bhopal Area. —Befcrences have been made above to the Bhopal outcrop of 
Vindhyans, which is largely surrounded by Deccan Trap basalts, resting hori¬ 
zontally upon the older folded rocks and unaffected by a fault which traverses 
the latter near Bari. In this Vindhyan sequence, the shale bands intervening 
between the sandstones are only poorly developed. Neither the basal member 
of the Upper Vindhyan nor the floor rock on which the beds lie is disclosed. This 
area includes:—exposures of the Bijaigarh Shales, the lowest stage exposed; 
the Upper Kaimur Sandstone with the conglomerate at its base; the Lower 
Bewah Sandstone ; the Jhiri Shales (one small outcrop only); the Upper Bewah 
•Sandstones; the Ganurgarh Shales, occasionally at the base of the scarps; the 
Lower Bhander Sandstone (with a subsidiary band of shales known as the Sanchi 
Shales), forming rolling hills and ridges; the Sirbu Shales, occasionally at the 
base of scarps; and the Upper Bhander Sandstone, occupying wide plateaux or 
occurring as hilly inliers among the Deccan Trap. The rocks lie in a gentle N. W.- 
•S. E. synclinal axis, with dips up to 12°, east of Bhopal town. 

From the Upper Vindhyan outcrop of Bhopal and the Hoshangabad district, 
a long thin ridge of these rocks extends for about 22 miles to just beyond Deori. 
Further east, a stretch of the Narbada alluvium and the Deccan Trap of not more 
than 15 miles separates it from the Vindhyan outcrop of the Bhander and Kaimur 
ranges. This ridge, never more than two miles wide, has a northerly dip of 10°-15°. 
In the west, Lower Bhander Sandstone, Ganurgarh Shales, Upper Bewah Sandstone, 
Jhiri Shales and Lower Bewah Sandstone have been identified by Mr. H. Walker, 
while to the east, the Bhander Sandstone and Ganurgarh Shales lie buried beneath 
the Deccan Trap, and the Kaimur sandstone and conglomerate appear from under 
•the alluvium. In the neighbouring Deccan Trap occur several inliers of the Upper 
Vindhyan. As wo have already seen, the Lower Vindhyan shales also make their 
-appearance from beneath the alluvium at the Deori gorge. 

Dhar Forest area. —West of Sat was, on or near the Narbada river, partly 
in the Nimar district of the Central Provinces and partly iu Indore and Dhar 
States, an outcrop of sandstones, shales and conglomerates has been assigned 
to the Vindhyan system, the western portion, according to Vredonburg, includ¬ 
ing perhaps some bods of the Lower division.® Allusions to parts of the Dhar 
Forest Vindhyan succession have already been made. For 20 miles or so these 
Vindhyan beds are faulted against the Bijawars along an E.-W. line marked by 
jioh haematite breoica.® Elsewhere the Vindhyans, dipping at moderate angles, 
..generally towards the west, rest either upon the gneiss or upon the upturned denud¬ 
ed edges of the ancient schist. The predominant rock is one intermediate between 
A sandstone and a quartzite, of a deep red or purplish culour. The bedding is 


1 These have been mistaken for the (Sirbu) )Samria Shale ; see A. M. Heron. Mem,, 
I.XVIII, 110 (1936). 

* Etc., XXXVII, 60 (1908). 

> P: N. Bose, Mem., XXI, 15 (1884). Qen., Be. ,1902-3, 14. 
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well-marked, the separate beds are of small thickness generally,, and the rock is 
occasionally flaggy. Conglomeratic bands are not rare and include rolled frag¬ 
ments of the Bijawara. This quartzite or sandstone with its pebble beds, belongs 
to the Rewah series. Elsewhere, the sequence includes softer and more shaly 
beds, grey or greenish in colour, which represent, in part at least, the Bhanders. 
The total thickness of the Vindhyans in this area is estimated at scarcely leas 
than 10,000 feet. 


Bagh and Jobat. —^Further west are two additional very small exposures, 
one at Balwari to the east of Bagh in Gwalior, and the other at Jobat to the west 
of Bagh. 


Topography of the Upper Vindhyans. —The reciprocal variations in the 
distribution of the coarser and finer Upper Vindhyan deposits have a distinct, 
relation to their position with reference to the border of the area, the shales being 
in force towards the middle of the basin, and being replaced by sandstones near 
the margin; this distribution shows, as other evidence has already shown, that 
this border is approximately an original limit, and that the actual basin corres¬ 
ponds fairly closely with the basisn of deposition. A formation so constituted 
and for the most part so little alfected by disturbance as the Upper Vindhyan can 
result in but one form of surface. It, accordingly, presents a three fold plateau, 
each step comprising one of the main grou])s, with minor plateaux, terraces or 
ledges corresponding to the various sub-groups. The thick sandstones form 
vertical scarps over a talus of the underlying shales. There is, moreover, a basin- 
shaped lie of the beds, to a great extent original, whereby the surfaces are ren¬ 
dered more or less concave, and the edges of the successive scarps of sandstone 
rise scarcely higher than the succeeding outer one. From this it follows that the 
uppermost subdivision occupies by far the larger x>art of the Vindhyan area. On 
account of the softer nature of the rock, the scarj) of the Upper Bander Sand¬ 
stone is less bold than the others. The middle stop of the plateau, the edge of 
which is determined by the Upper Rewah Sandstone, is chiefly occupied by the 
Ganurgarh Shales; the sandstone, wherever it occurs in eastern Rajjmtana, forms 
a prominent landmark. The outormost step, produced by the Kaimur Sandstone, 
possesses curious and unique features. Rising to a height varying from 500 to 
1,000 feet above the low ground to the south, it stretches for over 200 miles, forming 
an almost unbroken northern boundary to the strike valley of the Son river just 
below. The line of the scarp is nearly straight, the only indentation being that near 
Bijaigarh. The boldness of the precipices is due to the massiveness of the rock. 
This scarp forms the water parting between the Son and the Ganges, paractically 
all the drainage of the Kaimur plateau flowing northwards to the Ganges. The 
Son consequently, in this part of its course, receives no tributaries of any size 
from the norths but many from the south, some of them draining country a hundred 
miles distant. As a result of the northerly predominance of the dainage, the 
northern scarp of the Kaimur plateau is deeply indented. A similar scarp of 
Kaimur rocks^ nearly in a line with the Kaimur scarp and possessing precisely 
similar features, forms an edge to the Bhander plateau further west for over a 
hundred miles, and the northern boundary for forty miles or so of the upper Nar¬ 
bada and one of its tributaries. The less altered or unaltered condition of the 
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Bhanders would seem to indicate that they have not been subjected to the great 
superincumbent pressure which has more or less affected the lower groups. 

TRANS-ARAVALLI VINDHYAN BASIN. 

The Vindhyan beds so far described were all deposited on the southeastern side 
of the great Aravalli chain. On the northwestern flank occur numerous, isolated, 
and scattared outcrops of rocks which in all probability belong to some part 
of the Vindhyan period; these inselberge, some of them several square miles in 
area, are gradually becoming ‘‘drowned” in the sand of the Bajputana plain or 
desert. Assuming the correlation to be correct, the minimum distance between 
the Vindhyan outcrops on both sides of the range is about 90 miles, a distance 
occupied by the entire breadth of the synclinorium of Delhi sediments flanked 
on each side by outcrops of Aravalli rocks and pre-Aravalli gneisses, and a wide 
spread of thick alluvium north west of the range. 

These trans-Aravalli Vindyan rocks—for they can scarcely be anything else 
so far as their age is concerned—comprise both igneous and sedimentary members. 
The former, under the name of Malani, will be described first. 

I, MALANI GRANITE AND VOLCANIC SUITE. 

Geological position.—The term “Malani” was first given to a series of 
rhyolitic rocks in western Rajputana, particularly in the Malani district of Marwar 
(Jodhpur). With their plutonic and hypabyssal representatives, these rocks have 
been found to occupy a position of importance intermediate in age between 
the Delhi and Upper Vindhyan formations. The lower boundary of the Malani 
rhyolites in Marwar is seen in one section only near Miniari, some thirty-six miles 
north of the town of Erinpura. Here the lavas are bent in the form of an 
arch over steeply-dipping reddish slates or shales, which are on the line of strike 
of micaceous schists in the plain to the east, referred by La Touche to the 
Aravalli system.^ The dip of the two formations is different and the evidence of 
unconformability is complete. On the west, at the base of the anticlinal scarp, 
a band of conglomerate, some 20 feet thick, is interposed between the lavas and 
the slates, resting on the upturned edges of the latter ; the boulders and pebbles 
in this conglomerate are frequently well rolled and consist of quartzose grit, quartz, 
schist and slate, evidently derived from the underlying slaty formation. Elsewhere, 
although actual junctions are absent, nearly vertical slates are seen within a few 
hundred yards of outcrops of the Malani lava sheets which are quite unconform- 
able both in dip and strike to the older rocks. 

With regard to the upper boundary of the Malani lavas, a considerable period 
of time seems to have elapsed before sandstones of presumed Vindhyan age were 
deposited upon them. Where the two formations occur together, although both 
are in such places horizontal, there is clear evidence that the lavas had been sub¬ 
jected to an appreciable period of erosion before the deposition of the sandstones. In 
the numerous sections of the junction exposed in the scarps north of the city 
of Jodhpur, the Vindhyan sandstones, which are frequently current-bedded, 
ripple-marked and pebbly, and more of Bhander than of Kaimur t 3 rpe,* 

ijfem., XXXV, 20(1902)! ’ 

> J.B. Auden. Mem., LXII 244 (1983). 
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are seen to rest upon a very uneven floor of the lavas. As La Touche remarks, 
*‘this in itself would not be evidence of unconformability, for the surface of the 
lava flows was probably originally irregular, as is usual with such viscous lavas 
as these, but the sandstones can sometimes be seen banked up against denuded and 
scarped edges of the flows*’. The upper portion of the lava flows, where the latter 
are exposed beneath these scarps of sandstone, is usually found to be weathered 
to a considerable depth, the product being a soft, rotten rock; where the lavas 
have not been protected by the sandstone, this weathering of the surface is not 
observable. The weathering, therefore, according to La Touche, must have 
taken place before the deposition of the sandstone and, ifthe effects of atomos- 
pheric agencies at the present time are in any way a measure of what they were 
in the past, it must have taken a considerable period of time to produce the results 
noted on such resistant rocks. At the base of the sandstones there is frequently 
a layer of varying thickness in which large blocks of the lava are embeded in silt 
and grit. These are not water-worn boulders transported from a distance, but 
are always of the same variety of lava as that composing the sheet immediately 
underlying them; they have evidently been weathered out in situ, and then 
quietly buried in silt. Lastly, in a few places, patches of true conglomerate, 
including water-worn and well-rolled pebbles and boulders of the lavas, trans¬ 
ported from a distance, are found occupying hollows in the uneven surface of the 
lava flows, and underlying the sandstones; these conglomerates are associated 
with beds of flne red and green shale, also of local occurrence.^ 

If we try to match these acid lavas of the Malani suite in neighbouring areas, 
the nearest equivalents seem to be the Porcellanites of the Lower Vindhyan in 
the Son Valley, and it is with these that the Malanis are provisionally correlated. * 

Analyses.—^The following are analyses of some of the types*:— 



SiO, 

TiO, 

aiA . 

• 

FeO 

MnO 

MgO 

CaO 

Na,0 
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COa 
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0-94 
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4-58 

0*28 

0-19 

0*21 

0-51 
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0-83 
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0*13 
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0-07 

•• 

100-05 

100-04 
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2-617 


Dellenite, 
north-west 
of Sindret, 
Sirohi. 

Per cent. 

70-62 

0-78 

13-24 

2-37 

1-71 
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0-85 

0-98 

2.71 
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0-31 
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0-11 
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Mutual relationships. —The Malani series of acid plutonic^ hypabyssal and 
eruptive rocks, with th^eir sedimentary accompaniment, is one of not very wide 
extent, though recognised at various points within an appreciable area. Much of 
the Malani Granite was at first called the ‘*Idar Granite”. In Mewar, Danta, 
Palanpur and Baroda States, the Malani Granite and its modifications are not 
found. The rhyolites have in some places been clearly invaded by their own 
granite, which does not penetrate the overlying sandstones believed to belong 
to the Upper Vindhyan, and the general order of formation seems to have been: 
(1) Malani rhyolites, tuffs and sedimentaries; (2) Granite ; (3) Porphyries; (4) 
Quartz veins. There were, however, local deviations from this order and it will 
be convenient to describe the granite and its h 3 rpaby 8 sal derivatives first. 


(A) Malani Granite and its Hypabyssal Equivalents. 

SIROHI STATE. 

Three principal groups.—Of the three principal groups of Malani Granite 
outcrops in Sirohi State, the most northerly one at Ban is interesting in that it is 
associated with rhyolites and separated therefrom by a hypabyssal facies in the 
form of granite porphyry; it is surrounded mostly by desert sand and alluvium 
but is for a short distance in intrusive contact with Aravalli shales and slates. 
The Isri outcrops intrude the Aravallis and the Erinpura Granite more or less along 
the contact between them. In the Nandwar Hill and Siinda Hills group of out¬ 
crops, in the border country of Sirohi and Marwar, the Erinpura Granite is clearly 
intruded by the Malani Granite in its various modifications; while the older 
granite is in places highly crushed and altered, and is intruded by its own peg¬ 
matite and by basic dykes, the Malani Granite, here porphyritic, is free from 
both these forms of intrusion. 

Composition.—In the t^rpical facies of the Malani Granite in Sirohi, biotite 
is predominant over hornblende, as it is in the Jalor outcrops of Marwar. Fluorite 
is an occasional but rare accessory and tourmaline is present in some cases. Mus¬ 
covite is a rare constituent of the Isri outcrops, the chief mineralogicae 
characteristic of which is the granophyric texture of the greater part of thy 
groundmass. Some specimens from Nandwar Hill show a considerable quantit 
of plagioclase. The number of modifications fof the granite on Nandwar Hill is 
resposnsible for Coulson’s suggestion that there has been an intermixing of two 
magmas of the same age,^ 

In Sirohi, there is a perfect gradation from normal granite, with or without 
a coarse grained eutectic intergrowth of quartz and orthoclase, through porphy- 
ritic granites with the same but finer-grained groundmass, to quartz porphyries, 
quartz-felspar porphyries, felspar porphyries, granite porphyries, etc., with a 
still finer groundmass. Some of the porphyritic types are marginal facies of 
the ordinary granite and show brecciation; in some cases they possess a certain 
similarity to rhyolitic types. From the evidence of slickensiding, it would appear 
that the intrusion of some of the dykes of porphyritic granite was accompanied 
or followed by faulting. 
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Porphyry dykes.— A well-developed swarm of felspar porphyry dykes 
penetrating the Erinpura Granite near Danta^ and Sindret, trend almost at right 
angles to the general strike of the country; these dykes are slightly younpr than 
the quartz porphyries and rhyolites. This is not the only locality in which such 
a trend is observable, but in some oases the strike of the dykes and that of the 
country rock are more or less parallel. In the porphyries from Sindret and 
Danta, hornblende is the usual ferromagnesian mineral. Most of the felspar 
phenociysts are orthoclase, with varying amounts of perthitic and microperthitio 
intergrowths of acidic plagioclase which is probably albite; phenocrysts of 
andesine, however, do occur. 

The dykes are intrusive towards the Erinpura Granite and are associated with 
rhyolites and quartz-traohyandesites ('^dellenites” and '^toscanites”), all of Malani 
age. The felspar porphyries are considered by Coulson to be the hypabyssal 
equivalents of the quartz-trachyandesites. The edges of the dykes show the 
effects of chilling. 

In certain of the felspar porphyries, the large orthoclase phenocrysts are fre¬ 
quently surrounded by a rim of what appears to be a very fine-grained myrmekitic 
intergrowth of quartz and orthoclase, both minerals extinguishing with the pheno- 
cryst. There seems to have been partial solution of the orthoclase phenociyst 
around its edges, silica in the form of quartz crystallising out in the place of the 
dissolved orthoclase. The phenomenon is akin to the ‘^quartz-mosaics” in the 
rhyolites of western Bajputana {vide infra),. 

Quartz veins. —One of the most characteristic differences between the Malani 
and Erinpura granites is the large amount of pegmatite which accompanied the 
latter and the conspicuous freedom from such acidic differentiates in the case 
of the younger rock, this is attributed to the greater size and deeper seating 
of the Erinpura magma reservoir. The place of the pegmatite is taken by quartz 
veins, a few inches only in thickness, but in Sirohi it is extremely exceptional for 
these veins to approach in size the reef-quartz veins which accompany the Erin¬ 
pura Granite. 


marwar state. 

Two types. —^In Marwar (Jodhpur) the Malani Granite is described as generally 
coarse in grain, but not nearly so coarse as the Erinpura Granite. There are two 
lithological varieties, one—^the Siwana type—containing quartz in abundance 
pink or white felspar, and hornblende, but no mica, and the other—the Jalor type- 
containing the same minerals with mica in addition. The granite is practically 
contemporaneous with the rhyolites, but where the tw o are in contact, the granite, 
in the great majority of cases, is intrusive towards the lavas. 

Siwana type. —^The Siwana type is found in the interior of the volcanic area 
and forms the greater part of the large mass of the Saora range, zisi g over 3,000 
feet above the sea; several other bosses occur;inthe neighbourhood.^ The granite 
magma has forced up and pushed aside the lavas, and has projected into them 
narrow ramifying veins consisting frequently of a coarse pegmatite contaioing well- 
diaped crystals of hornblende an inch or more in length. Elsewhere, where the 

^KottobaoonfosedwitlitheStateaiidtownoftliAtnameitirthersoathuQr withan other 
small town la Jal|piir. 
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rhyolites strike towards the granite, the latter appears to have re-melted, absorbed 
and replaced tbe lavas.^ ^e joint-planes of the rhyolites in the neighbourhood 
of the granite are often coated with a thin glaze of granite, the latter having 
evidently been forced in among the rhyolites under great pressure and in a very 
fluid state. The granite has also tom off large blocks of the rhyolite and included 
them. The rhyolite near the contact with the granite, as well as that in the 
included blocks, has been considerably altered and is full of small nests of horn¬ 
blende. Sometimes the granite abuts vertically against the rhyolite, sending 
in to it the usual plexus of veins. The granite of Saora Hill is frequently traversed 
by broad veins of a cryptogranite or eurite of the same composition ; when these 
veins contain large porphyritic crystals of pink felspar, the material resembles 
to some extent the rhyoUte but is distinguishable therefrom by its lighter colour 
and its less glassy texture. 

The hornblende of the Siwaua granite is usually interstitial but occurs occa¬ 
sionally in idiomorphic crystals, especially in the veins and dykes, protruding 
from the main mass into the surrounding rhyolites. The felspar and quartz 
frequently form a micropegmatitic intergrowth. There is a singular dearth of 
accessory minerals, even magnetite being rare. 

The Siwana granite bosses lie along a more or less continuous ring, 19 miles 
across from west to east, and 16 miles from north to south. Whether th;s almost 
circular plan has any connection with the roots of a volcano is not known, for the 
disposition of the flows and ash beds, which might have afforded some indication, 
has been disturbed by subsequent earth movement.* The Siwana type of granite 
forms several hills in the Banner area further west, where it was also intrusive 
into the lava sheets in contact with it; at the same time, the granite is traversed 
by dykes of a rock indistinguishable from the lavas, and injected after the consoli¬ 
dation of the granite. 

Jalor type.—The Jalor type of granite is confined to the eastern edge of the 
volcanic area, where its large bosses are either surrounded by highly inclined 
Aravalli schists, or in a few cases are in contact with the lavas, into which the granite 
is seen to be intrusive.* In this granite, the predominant ferromagnesian is biotite, 
there is a moderate proportion of plagioclase in addition to orthoclase, and 
muscovite sometimes accompanies the biotite. Dark rounded patches in the 
granite, up to six inches or a foot across, are to be seen in places some of these 
appear to be included fragments of schist, others are probably of the nature of 
cognate xenoliths and contain the same ingredients as the granite. The granite of 
the Jalor area not only sends off veins into the surrounding lavas but also includes 
blocks thereof. Like the Siwana rock also, it is in places traversed by thick veins of 
fine-grained cryptogranite or eurite. An example of a large dyke-shaped mass of 
rhyolite split off and embedded in the granite is seen some sixteen miles northeast of 
Jalor ; its edges have been partially re-melted, for a fluidal structure following the 
irregularities of the boundary has been developed in it, and its colour has been 
bleached for about half-an-inch from the junction. In the Barnier area, we find 
the same dykes of eurite, the darker coloured ones being indistinguishable in 
appearance from the rhyolites. 


I A. L. Conlson. Mtm., LXIII» 14,140 (1933). 
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Toj^a^granlte and wolfiram-bearing veins of Rewat* —topazbeanng 
of Bewat, near Degana railway junction, is probably the Malani rock, and 
18 ultraded into the AiavalU phyllites.* Peixetrating the giauite are maiiy steeply- 
hadiixg veins, from six to eighteen inches wide and with a N.E, -S.W. strike, of 
quartz and biotite, disposed in bands parallel to the vein walls, the biotite usually 
but not invariably next to the walls. Developed indiscriminately in both quartz 
and biotite, but chiefly in the former, are bladed and tabular crystals of wolfram. 
Wuorite is common in the veins and the phosphates, triplite and libethenite, have 
been detected. During the iow years, 1916-1919, as an effect of the War, some 
40 tons of wolfram were obtained annually from this area which is still worked 
sporadically.* 


BIKANER. 

Isolated tore. —In the extreme southeast comer of Bikaner, near Lodsar and 
Taonra, two villages on the other side of the Marwar frontier, is a small tor of fine¬ 
grained, non-porphyritic and unfoliated granite, probablv of Malani age. A 
similar but larger tor, also in Bikaner, three miles east of Khuti, is probably of 
the same rock.® 


mSSAR DISTRICT, PUNJAB. 

Tnsham granite.— The granite which crops out on the south, southwest and 
west of Tusham Hill (Tosham) in the Hissar district some 80 miles W.N.W. of 
Delhi, is associated with effusives having undoubted resemblances to the ]\Ialani 
rhyolites, and jjrobably belongs to the Malani suite. It is a coarse-grained rock 
extremely rich in tourmaline and muscovite. The quartz and felspar are much 
intergrown, but some of the smaller crystals of the foimer exhibit hexagonal 
outlines. In some respects, the rock is a transitional stage between a normal 
granite and a quartz porphyry. Another specimen from a different part of the 
hill contains a black mica in considerable quantity in place of muscovite. The 
northern portion of the hill is traversed by granite veins ranging from a few inches 
to a few feet in thickness; some of them cut across the strike of the old sedimentarv 
rocks. 

Porphyritic varieties. —^In some of the hills near Tusham is a fine-grained 
porphyritic granite with quartz, felspar and black mica, the felspar consisting of 
plagioclase, orthoclase and microcline.® 

In tlw Khaziak hills, three miles nortwest of Tusham, is another fine-grained 
porphyritic gramte with triclimc felspar and orthoclase in about equal proportions 
but.no microcline. In addition to the quartz and felspar, there are numerous 
small garnets, abundant black mica, some apatite, and a considerable quantity 
of magnetite or ilmenite mostly associated with the dark mica. 

On Deosir, an isolated hill southeast of Tusham and four miles south west of 
Bhiwani, is a grey, fine-grained granite or porphyry with large phenocrysts of 
felqpar, quartz and dark mica, in a microcrystallme groundmass. Some of the 
phenocrysts show crystel outlines, others are corroded and contain inclusions of 
the. greundmass. Plagioclase and glassy orthoclase are both present, the other 
constituents being small garnets, a little tourmaline and niunerous dots of an 
opaque mineral. 

* Gfen. Rec., LXVI, 82 (10821.. 

® (Tea. Rep., Ree.,LXyil,60(1088). 

•Om.IUp., Ree.,LS:VI, 138 (1082). 

«C. A^MoBCahon. Gen. RepRec.,XVH, 111 (1884). 
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Quartz porphyry dykes. —Two dykes of quartz porphyry traverse the 
Tusham rid^e, the strike of the one being at an angle of 45° with that of the other. 
The more eastern of the two euts obliquely across the old bedded rocks at a low 
angle, and throws out a tongue at right angles to its own direction; in another 
place it encloses a mass of these old rocks. About a mile or so to the east of 
Tusham is a small isolated hill of granitoid quartz porphyry. 

The quartz porphyry of the main dyke contains large porphyritic crystals 
of quartz and felspar, some of the latter being an inch in length ; the felspar 
phenocrysts are partly orthoclase and partly plagioclase, and are much altered 
and kaolinised. The quartz crystals in which gas and liquid inclusions are 
abundant, are much corroded and characteristically contain inclusions of the 
groundmass ; many of them are fringed with a thin border of mica.^ The 
pyramidal ends of some of the quartz crystals, nearly perfect in form, stand shsiply 
out from the fractured surface of a hand specimen. The groundmass varies 
from microfelsitic to microgranitic and shows a tendency towards spherulitic 
structure. Some ilmenite is present. In the rock of the tongue which protrudes 
from the dyke into the adjoining rocks, patches of chlorite and a mineral that 
looks like pinite occur in the much decomposed felspars, some of which are triclinic; 
the groundmass is here microfelsitic. The description of the petrological characters 
of these quartz porphyries is not unlike that of the microgranites from the so-called 
“trappoids** of the Porcellanite stage of the Son valley Lower Vindhyan. 

Relationships. —All these porphyries, granites and ‘‘felsites’’ found in and 
around Tusham are closely related to one another and to the rhyolites and 
porphyries of Marwar, and may be referred with some degree of confidence to the 
Malani suite. 

(B) Malani Volcanics. 

Distribution. —In Marwar, from east to west, the Malani rhyolites have been 
recognised in scattered outcrops for a distance of 145 miles, from a little east of 
the meridian of Jodhpur to the edge of the great Thar desert which effectively 
conceals any further exposures that may exist in this direction. From near 
Pokaran in the north, the lavas have been traced southwards to the centre of 
Sirohi State, a few miles north of the Abu plateau edge—a distance of about 156 
miles. The “felsites” in Tusham Hill, however, some 250 miles northeast of the 
nearest occurrences of the rhyolites north of Jodhpur city, are, as we have just 
seen, probably referable to the Malani suite, and typical Malani rhyolites have 
been identified in northern Jaipur and the adjacent Bikaner borders. Between 
the Tusham exposures and some rhyolites in the Kirana Hills in the Jech Doab,* 
in the Jhang district of the Punjab, a distance oT some 275 miles to the northwest, 
there are no outcrops of rock of any kind, everything being covered by desert 
sand. The isolation of the Malani exposures makes it impossible to establish any 
regular sequence among the volcanic suite or to form any estimate of its total 
thickness. 

Salt Range boulder bed* —Boulders of the Malani granites, rhyolites and 
probably also the tuffs have been identified among the contents of the Upper 
Carboniferous Talchir Boulder Bed of the Salt Range which is some 40 or 50 miles 
distant from the Kirana locality.^ 

i C. A. McMahon. Bee., XVII, 107 (1884). 

* The Jeoh Doab is the name given to the country lying in the fork made by the Chenab 
and Jhelum rivers. 

* C. S.Middlemi8S. JBec. XXV» 29(1892); F. E. CowperEeed.,G. de P. Cotter and H.M. 
Lahiri. Bee., LXII, 417-20 (1929); A. L. Goulson, Mem., LXHl, 141 (1933). 
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SIROm STATIC. 

Trend of the exposures.- Effuaive rocks of the Malam suite are not 
recorded in Idar State but have been found in four areas in Sirohi, where they 
all lie along the same line of strike with a alight echelonmment in the north. A 
series of vents or cracks, later than those resposnsible for the extrusion of the 
rbyolitic lavas, was filled with material which probably never reached the aurfc^e 
but on cooling gave rise to the porphyritic granites and the various porphyries 
described above. As a rule, these later intrusions trend K.N.E.—S.S.W., making 
a small angle with the general direction of the Aravallis and the direction of the 
rhyolitic vents, but many of them are at right angles to the trend of the majority. 

Jharoli-Ban area. —In the Jharoli-Ban area, in the north of the State, 
rhyolites overlie Aravalli shales and slates and are separated from the Malani 
Granite of this locality by an outcrop of granite porphyry.' The contrast between 
the smooth, rounded hills of granite and the rugged, jointed hills of rhyolite 
is striking. An example of the rhyolite shows crystals of quartz, orthoclase and 
acidic, plagioclase, set in a fine-grained, apparently devitrified groundmass, 
composed of quartz, chalcedony, felspathic material and a little calcite. A little 
chlorite is present and the felspars show kaolinisation and sericitisation. 

The predominant colours of the lavas in the Jharoli-Ban area vary from dark 
brown to red, a result of the presence of oxide of iron. Corrosion of the felspar 
phenocrysts is conunon. Flow structure and banding are also frequent, but 
perlitic textures are comparatively rare. Inclusions of shale and other Aravalli 
rocks are often seen, and in one place a black rhyolitic tuff containing fragments of 
slate, reef-quartz, shale, and other rocks overlies the Malani Granite. The rhyolitic 
rocks of this area are highly siliceous and in most cases the original glass has 
become devitrified to an extremely fine-grained siliceous mass. A very aggloUieiatic 
facies, west of Jogipura, probably marks the site of a subsidiary pipe or vent where 
the extrusion of the lava was violent in nature. Near Ora the rhyolites, which 
are here largely chloritised, are thought to have issued from fissures. 

Pamta Hill. —Famta Hill, to the west of Sindret, is composed chiefly 
of rhyolites and quartz-trachyandesites (“dellenites” or “toscanites”). The 
rhyolites, occurring mainly at the southern and northern extremities of the hill, are 
generally green in colour, and form a strong contrast to the usual reddish tints of 
the slightly later and more basic quartz-trachyandesites, which they underlie in 
places. The rhyolites, and also the quartz-trachyandesites when not superjacent 
to the rhyolites, overlie unconformably the Aravalli beds and their contemporaneous 
volcanics. Pillow or spheroidal weathering is seen in some of the flows while 
nodular varieties give rise to hills steeper than usual; in the latter are many traces of 
perlitic structure. Some of the rhyolites are vesicular. 

The quartz-trachyandesites at the base of Pamta Hill and overl 3 dng the Aravalli 
rocks appear to be partly tuffaceous, some specimens containing abundant angular 
and eroded fragments of quartz and less frequent orthoclase and plagioclase crys¬ 
tals set in a groundmass of fine-grained sUioa and palagonitisation products. The 
normal higher-lying trachy andesites weather anmlarly to form steep sided hillsi 
typically they contain phenocrysts of quartz, orthoclase—at times microperthitic 

iirircoui^ 
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—and plagioclase (andesine), all occasionallj corroded, set in a devitrified ground- 
mass. The original hornblende has been more or less completely altered to chloritio 
products and epidotic and zoiatic minerals. The felspars are kaolinised and 
sericitised, and secondary calcite is common. Iron ore is a fTeq^uent accessory ; 
less common are apatite, sphene and zircon. The specific gravity of these rocks 
varies from 2*60 to 2*71, the average being about 2*66 ; an analysis of a smaple 
will be found on page 534. 

Mirpur-Undwaria area. —^Further south, in the Mirpur-Undwaria area 
rhyolites are the sole volcanic rocks found. Relics of pherulitic structure are 
to be seen in some specimens, and fiow structure is common. Some of the horizons 
are tufiEhceous and characterised by frequent fragments of shale. 


MARWAR STATE. 

General Character. —^Most of the Malani flows in Marwar are rhyolites of 
a highly acid type, varying greatly in colour and texture. They have been 
described in detail by La Touche.^ The commonest variety is a reddish brown 
rock studded with' porphyritic crystals of pink felspar and minute blebs of quartz. 
Sometimes the porphyritic crystals are absent. The hard and extremely siliceous 
condition of the lavas may be due partly to alteration, but there is clear evidence 
that they were true volcanic ejectamenta. In them can be observed all the 
characteristics of glassy lavas, viz., glassy texture, flow-structure, spheruhtic 
structure ranging from microscopic examples up to nodules an inch or more in 
diameter, and in a few cases perlitic structure—one of the most reliable indications 
of a true glass ; in some examples the glassy texture has undergone scarcely any 
alteration. Vesicular or amygdular structure is not often met with but does 
occur in some of the flows. In many places, the lavas are interstratified with thick 
beds of tuff, breccia and conglomerate, while intercalations of less acid material in 
the form of lava or tuff are known. Portions of the sandy plain are covered with a 
fine angular gravel derived in situ from the weathering of the lavas. 

Composition. —A reddish brown is the commonest colour of the lavas but 
many are bright red, blue, green or almost black and a few are white or light grey. 
The colour is due in most cases to the presence of oxides of iron, but in the green 
and yellow varieties to the abundance of hornblende or chloritio minerals. Pheno- 
crysts of quartz and felspar occur in nearly all the lavas but are in a few cases 
entirely absent. The quartz phenocrysts, which contain characteristic gas, liquid 
and glass inclusions, in many cases possess perfect hexagonal or octagonal outlines, 
but more frequently the original shape has been destroyed by corrosion, the 
groundmass projecting far into the interior of the crystal in fantastic inlets or 
tongues; in other cases corrosion has taken place along zones concentric with the 
outer boundary of the crystal. In some crystals, isolated inclusions of the ground- 
mass, of a more or less hexagonal outline, are seen. Occasionally, there is a growth 
of secondary quartz surrounding the original phenocryst and in optical continuity 
therewith. The felspar phenocrysts are either much clouded by dusty matter and 
zones of inclusions, or are completely convetrted into kaolin. The majority of 
them are of orthoclase, many having the glassy appearance of sanidine, but 
oligoclase has been noted. As a rule, they show no signs of corrosion, but frequently 


1 Mem., XXXV, 19-24 (1902). 
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have well-defined crystal outlines. Phenocrysts of hornblende with well-defined 
outlines occur in a few specimens, and irregular aggregates of hornblende microlites 
are a little more common. The hornblende is generally associated with much 
opaque magnetite, and is frequently altered into a light yellow chloritic mineral. 

The groundmass varies from cryptocrystalline to microgranitic and is never 
entirely glassy. Most of the microlites are of orthoclase, but occasionally striated 
twinning can be made out. On the application of polarised light, the quartz of 
the groundmass in many specimens breaks up into a more or less irregular mosaic 
of light and dark areas which, when in contact with the quartz phenocrysts, are in 
optical continuity therewith. La Touche concludes that each of the areas forming 
the quartz mosaic has been built up round a previously existing granule of quartz 
or as a “court’’ round the larger phenocrysts of quartz, both granules and pheno¬ 
crysts having been introduced from outside. The size of these areas would depend 
upon the number and distribution of the granules and phenocrysts, the quartz 
composing any individual of the msoaic growing outwardfs until its development 
was arreted by contact with surrounding individuals. This quartz-mosaic 
structure is not universal; La Touche is inclined to regard it as having been formed 
before consolidation,^ and Fermor suggests that it is a case of devitrification in a 
lava still hot.* Spherulitic structures are of very common occurrence. Some¬ 
times the spherulites are isolated globules scattered about in the body of the rock ; 
in other cases each of the separate individuals forming the quartz-mosaic contains 
in its interior a radiating bunch of minute felspar crystals, among which are some¬ 
times intercalated minute needles of hornblende. Ordinary perlitic structures 
have been noted in a few cases. 

To the west, in the Banner area, the Malani rhyolites present less variety 
than those around Jodhpur and Siwana, and consist for the most part of compact, 
dark grey, sometimes black, glassy or pitchstone-like lavas containing porphyritic 
crystals of white or pink felspar and grains of quartz. Among specimens collected 
from the Upper Carboniferous boulder bed of the Salt Eange is one which corres¬ 
ponds very closely to some of the western Bajputana rhyolites.® In contact with 
the Malani Cranite the rhyolite may or may not show alteration, but there is 
frequently a considerable development of hornblende in the plutonic rock; at 
times, this takes the form of comparatively large nests of hornblende with included 
portions of the groundmass. Near Miniari are some nodular rhyolites composed of 
a compact, flinty matrix, crowded with nodular concretions up to six inches in 
diameter, some of which are almost perfect imitations of fossil shells; some of the 
nodules contain cavities filled with crystalline quartz and a little calcite. 

More basic lavas. —Intercalated with the rhyolites in several places are 
sheets of less acid type, containing plagioclase felspar and no free quartz, and 
corresponding to simuar andesitic rocks in Sirohi. The balance of evidence seemed 
at first to be in favour of their being intrusive nils and not interbedded lavas, their 
relationdiips being obscured by soil and debris, but borings and well-sinkng for 
water near Jodhpur have since shown, according to Dr. P. K. Ghosh, that these 
intercalations include intermediate and basic tuffs, whose sub-aerial or sub* 


®AremuZ2XV,84(19Q2h 
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aqueous nature proves their contemporaneity with the rhyolitic tufifs associated 
with them. These more basic rocks include olivine basalt, and the vesicular nature 
of this rock in one of the borizigs favours the view that some of it at least represent? 
a contemporaneous flow.^ The olivine basalts, which contain antigorite after 
olivine, porphyritic crystals of labradorite and olivine, sometimes show pseudo- 
morphs and small flakes of the same mineral in the groundmass derived either 
from olivine or augite. Vesiclea containing chlorite, chalcedony, calcite and 
epidote, are abundant in these basalts. 

Toffs. —The tuffs and breccias associated with the lavas appear to be quite 
subordinate in amount to them, but, as La Touche points out, it is possible that 
a great part of the sandy plains between the hills of lava may be underlain by 
these softer rocks, which are as a rule exposed only in slopes at the base of the 
scarps formed of the harder lavas. “The tuffs associated with the rhyolites are 
easily distinguishable from them in the field mainly by reason of their lighter colo¬ 
urs, their mode of weathering and their undoubtedly bedded aspect. In many 
cases the larger fragments and lapilli they contain stand out conspicuously on 
the weathered surface of the rock.” Under the microscope, the matrix is hardly 
to be distinguished from the groundmass of some of the rhyolites and was evidently 
formed of the same material blown into dust and subsequently consolidated.* 
The clastic origin of the tuffs, some of the beds of which reach 250 feet in thickness, 
is proved by the presence therein of the fragments and lapilli of quartz and other 
minerals as well as of previously consolidated rhyolite, and by the signs of sorting 
action and rearrangement under water. The specific gravity of the tuffs ranges 
as low as 2*33 and rarely rises above 240; that of the rhyolites varies from 242 
in the softer altered example? to about 2*76 in unaltered specimens. 

Andesitic tuffs, found in close association with rhyolitic tuff in well-borings 
near Jodhpur railway station, are generally green in colour, a result due to the 
abundant development of chlorite; vesicles containing chlorite, calcite and epidote 
are numerous. Acid and basic cycles of igneous activity alternated with each 
other during the earlier parts of the volcanic epoch. The acid character of the 
magma from which the rhyolitic tuffs were derived is,in fact, often obscured by the 
presence of minerals belonging to a more basic agma. Phenocrysts of plagioclase, 
highly sericitised, may, for instance, be found in appreciable quantity in some 
cases, giving a dacitic or andesitic character to the rocks. Or again, in some of the 
rhyolitic tuffs a few crystals of iddingsite and antigorite, apparently pseudomor- 
phous after olivine, have been noted, and have no doubt been derived from- 
some basic magma. The more basic tuffs include twinned crystals of labradorite. 

Breccias. —^The breccias usually occur in small patches or lenticular bands 
intercalated with the lava flows. The irregular, angular fragments of various 
sizes, derived from previously consolidated flows, are embedded in a more or less 
opaque paste. In an interesting example described by La Touche, bundles of 
duplicate fibres have been developed, projecting inwards from the faces of the 
fragments and at right angles to them, not meeting in the centre but leaving clear 
linear spaces along which there is usually a line of black granules; * in some cases 
the fibres curve round minute globulites. The structure is said to be exactly 


iP. K. Ghosh, Hec.,LXV, 540 (1931). 

>T.H.D. U Touche, ifem, XXXV, 89 (1902). 
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fdmilar totbat developed in a piece of artificial glass exposed after its first consolida- 
tioD to great beat.^ The matrix of the breccia is a fine-grained miciocrystalline 
rhyolite, and there is no doubt that it was molten when the chips of already 
soli^fied glass from another flow were showered into it, and that they were then 
partially devitrified by the beat of the surrounding molten glass.” Some of the 
coarser breccias, containing blocks of rhyolite up to three feet across, occur in 
patches or heaps surrounded by the lava, and may possibly be the remnants of 
ancient necks filled with agglomerate. 

Conglomerates.— Bands of conglomerate with well-rolled pebbles are some¬ 
times associated with the tuffs, but elsewhere they are sandwiched in between 
two lava flows without the intervention of any finer material; they have all the 
appearance of ordinary river gravels. 

Mode of effusion. —The slight amount of disturbance the Malani beds have 
undergone has been insufficient to bring the base of the formation to the surface, 
with the one exception already described, and the vents whether fissures or pipes, 
lie buried beneath the accumulation of lava or of desert sand. The originally 
viscid character of the lavas is often illustrated by the uneven and scoriaceous 
aspect of the surface of the flows, and by the abrupt manner in which they frequently 
die out. “Some of the sheets are of considerable thickness and extend without 
any alteration in appearance for several miles, but very often a scarp can be seen 
to be built up of a number of thin sheets, differing from each other in colour and 
texture, and rendered more distinguishable from one another by a frequent 
columnar structure.” Several flows can thus be made out, some of them contain¬ 
ing fragments of earlier flows. 

Owing to the mutual similarity of the flows of rhyolite, of which the bulk of 
the exposures consists, it is often difficult to make out any dip or sign of disturbance 
in these rocks. Many dips of 30° and more have been recorded among both the 
flows and the clastic deposits, however, rising in three or four cases to 45° and 50°, 
Certain vertical divisional planes in the rhyolite of the large hill immediately 
south of the village of Nagona, and also of an exposure one mile south of Malgarh 
—^a village to the southwest of Miniari—are largely responsible for the suggestion 
that rhyolite eruption may have taken place through fissures. In the Nagona area 
the rock is glassy-looking and almost as fissile as date. The divisional planes are 
lines of flow and in plan pursue a wavy direction, generally about N.W.—^S.E., 
flowing sometimes round an included mass of more massive porphyritic rock. 
In the surrounding hills, patches of a similar fissile rock are frequently met with 
among the nearly horizontal flows of more porphyritic rhyolite of which the main 
mass of the hills is composed, and rise through the latter after the manner of an 
intrusive dyke. There is nothing to indicate that the fissile rock was originally 
horizontal, and the suggestion has been advanced that the vertical character of 
the flow-structure may be duo to pressure from the sides of a great fissure through 
which the rock was erupted, and that this may be the site of a vent. The fissile 
rock, from two to three miles wide, stretches for about six miles from northwest 
to southeast but may, of course, extend to a greater distance beneath the sand and 
alluvium beyond the edge of the hills. In support of this theory is brought 
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forward the fact that to the northeast of Nagona there is a general northeasterly dip 
in the lavas, while to the southwest there is a general dip towards the southwest.^ 
A mile south of the village of Malgarh, we find similar vertical lines of flow in 
the rhyolite, '^as though ths lava had been subjected to lateral pressure while well¬ 
ing out from a fissure parallel to the range”. The lack of concentricity in the out¬ 
crops of the lava sheets seems to afford some measure of support for this supposi¬ 
tion. Against this idea, however, is the fact that the eruptions were accompa¬ 
nied by explosive outbursts, as is proved by the presence among the bedded lavas 
of intercalated bands of tuff and breccia produced by shattering of previous¬ 
ly consolidated flows, and it seems more probable that actual eruptions were of 
the Vessuvian or Fuy type characteristic oi acid emissions, and took place from cen¬ 
tral pipes, building up more or less conical piles. Recent work in Bajputana has 
shown that the rocks of this region have been disturbed subsequent to the deposi¬ 
tion of the Lower Vindhyan to a sufficient degree locally to tilt them to a vertical 
position; this would account for the vertical divisional planes, assuming these 
and the fissility to be due primarily to lines of flow. 

That the eruptions were sub-aerial in character seems probable from the bands 
of conglomerate, which include well-rolled pebbles of consolidated lava and have 
the appearance of river gravels intercalated among the flows. In the small hill 
at Pati, W.N.W. of Miniari, some 200 feet of purple and greenish, sandy and pebbly 
beds are conformably overlain by rhyolites which form a precipitous scarp, and 
there is good reason to believe that they are also underlain by rhyolites. In places, 
these sandy beds show distinct current-bedding; their topmost member, lying 
at the foot of the scarps, is a band containing rolled pebbles of rhyoUte up to six 
inches in diameter, the upper part of which is highly indurated, apparently by 
the heat from the overlying lava flow. Similar sandy and gravelly beds are seen 
to the north of Siwana, containing rolled pebbles of rhyolite, and lorming a band 
from 20 to 30 feet thick, with sheets of rhyolite above and below. Westwards, 
these strata, comprising pebble beds interstratified with breccias and felsitic tuffs 
swell out to 100 feet; the uppermost pebble bed includes rolled fragments of gneiss 
and quartzite as well as of rhyolite. These pebble beds are also highly indurated 
at their contact with a dyke of highly porphyritic rhyolite, 60 feet wide, which 
cuts them. 


NORTHWESTERN JAIPUR, SOUTHEASTERN BIKANER, AND THE 
MARWAR-BIKANER FRONTIER. 

Jhandhunu. —Forming a connecting link between the main development of the 
Malani rhyolites near Jodhpur and the widely separated felsites of Tusham in the 
Punjab are some volcanic beds exposed in a few knolls around Jhunjhunu in the 
north of Jaipur; these are typical Malani rhyolites with quartz phenocrysts.* 

Biramsar. —Some 40 miles or so west of Jhunjhunu, within the Bikaner 
boundary but close to the frontier with Jaipur, is a hill composed of Malani rhyolitic 
tuffs converted into rough, grey slates, which have been greatly crushed and brok¬ 
en into lenticular plates separated by shear-planes , along which green films of 
basic copper carbonate occur. The beds are verticlal and strike N.N.W.-S.S.E.^ 


1T. H. D. La Touche. Mem., XXXV, 51 (1902). 
i A. M«Her<m. 346 (1022). 

^ A. M. Heron. Btc., IiXVL 48,182 (1982). 
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Randisar. —^Southwest of the above area and still in Bikaner, the hill north 
of Randisar consists of black and pinkish brown, massive rhyolites in flows up to 
50 feet in thickness, dipping to the east or northeast at. angles from 50® to 70®. 

. At the southern end of the hill columnar jointing, in columns between two and 
three feet in diameter, is well developed. The rocks are little weathered and 
almost glassy, phenocrysts of felspar being seen with a lens.^ 

Lodsar and Taonra. —^Fourteen miles S.S.E. of the last-mentioned locality 
and just within the Marwar boundary is a group of hills of similarly coloured rhyolites 
with abundant small phenocrysts of piM felspar. Some non-porphyritic 
varieties also occur, as well as some associated tuffs. All these rocks, except 
the tufts, have a distinct, vertical or steeply-dipping stratification perhaps due 
to flow structure ; as a result, they weather like slates, in contrast to the thick 
massive flows of Randisar hill.^ 


HISSAR DISTRICT, PUNJAB. 

The centre and the western side of Tusham Hill in the Hissar district of the 
Punjab, some sixty miles N.N.E. of Jhunjhunu, are composed of *‘felsitesor 
micro-quartz porphyries,”® which succeed the old sedimentaries without any 
visible discordance. ^ They dip at high angles with these older rocks, which consist 
of chiastolite schists and argillaceous beds and are thought to represent the Delhis 
or Aravallis (see p. 397). The specific gravity of the felsites varies from 2*63 
to 2*77, averaging 2*71. In the majority of specimens, there are no porphyritic 
crystals of felspar but, although not always very obvious to the naked eye, numerous 
phenocrysts of quartz are sprinkled throughout the matrix; in these are cavities 
filled with liquid containing movable bubbles of gas. Some of the quartz 
phenocrysts are corroded, while others show perfect crystal outlines. One rock 
specimen shows porphyritic crystals of felspar as well as of quartz, both orthoclase 
and plagioclase being represented. The groundmass is described as ‘‘microfelsitic” 
and the thin rounded microlites, which are abundant here and there, are at times 
arranged spherulitically. In some of the rocks are crystals which were thought 
to be pseudomorphs after hornblende, the replacement mineral being viridite or 
delessite or some similar product. Magnetite is present and sometimes abundant, 
and mica is recorded in one or two cases. Fluxion structure is visible in some 
specimens. The felsites or rhyolites of Tusham differ from the Malani rhyolites in 
being on the whole less markedly porphyritic and in having mica in the groundmass, 
but the points of resemblance are many and unquestinable.® 

A rock from the Ehanak hills, three miles northwest of Tusham, is recorded 
as having a ”microfelsitio” groundmass with feeble traces of fluxion structure, 
corroded quartz phenocrysts, abundant mica and numerous crystals of garnet. 
Similar rows are seen in Nagana hills, seven miles south of Tusham. 


^ A. M. Heron. JRee.,LXVl» 132 (1932). 

® A. M.Heron.Ree.,LXVI, 132(1932). 

* The term * Telsite” was in the first place applied to the Malani rhyolites. 
« 0. A. McMahon. See., XVH^ 105 (1884); See, XIX, 164 (1886). 

• 0. A. M<Mahen.i{ee.,XlX, 164 (1886)* 
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JECH DOAB AND RECHNA DOAB. WESTERN PUNJAB. 

Position and Peninsular character. —Rocks similar to those of the Aravalli 
range are found in groups of isolated hills piercing the vast expanse of desert and 
alluvium belonging to the Indus tributaries. There are four separate groups 
extending from the most important group, the Kirana hills, for over sixty 
miles to the southeast, through the hills around Chiniot, Sangla and Shahkot. 

Of the hills around Eirana, although only 40 or 50 miles distant from the 
Salt Range, the rocks are totally different from those in situ in that range, and 
approximate more to those of the Aravalli hills, the nearest point of which is 260 
miles to the southeast. The Kirana and neighbouring outcrops belong, in fact, 
to the Peninsula, while the Salt Range is an advanced part of the Extra-peninsular 
region. 

Kirana Hills. —The Kirana hills, some 280 miles northwest of Tusham, in 
the Jcch Doab, form a striking feature as they rise steeply from the alluvium in 
lines of shattered serrate summits, elongated in the direction of the strike and bare 
of vegetation. The general strike of the western half of the Kirana hills is N.W.- 
S.E.; in the eastern half it is at right angles to this. According to Dr. Heron, the 
peculiar blackness of these hills is due to the thin shining him of iron oxide which 
coats ul] long-exposed surfaces and which the scanty rainfall is insufficient 
toremove.i This and the close and splintery jointing which affects all the beds 
give a uniformly rugged and irregular aspect to the rocks and tend to obscure 
their differences. Beneath the hard crust, the rocks are rotten and friable 
and copiously impregnated with haematite. Metamorphism has been chemical 
rather than dynamic and, in spite of the high inclination of the strata, there 
are no signs of schistosity ; even the slates are barely cleaved. Elirana itself 
rises 1,050 feet above the level of the plain and is a place of pilgrimage. 

The predominant rocks of the Kirana hills are hardened shales or slates and 
somewhat argillaceous, coarse or fine quartzites. The hills are broadly separable 
into two zones, quartzites to the southwest and shales and slates to the northeast, 
of a somewhat indefinite N.W.-S.E. line. The general strike of the southwestern 
half of the hills is N.W.-S.E.; in the northeastern half it is at right angles to this. 
The significance of this change in strike is not known. The shales are usually 
green or grey, much impregnated with ferruginous matter along the bedding and 
the numerus joints. The grey, purplish or reddish quartzites are harsh in texture 
and carry much iron, disseminated, and segregated near cracks. 

Associated with the quartzites, shales and slates, which are said to bear 
family resemblance to the Ajabgarhs of northeast Rajputana,^ are thin bands of 
diabase, probably of an intrusive origin, and thin beds of acid igneous rock, which 
in some cases can be identified as the effusive rhyolite of the Malani period. It is 
difficult to distinguish the latter from the quartzites, some of which, judging from 
the an^laiity of their constituent grains and the absence of bedding, are in all 
probability altered tuffs ; this applies especially to the quartzites on Ghawala 
Hill. Now and then, amid the copious secondary products into which the con¬ 
stituent minerals have weathered, the structure of the acid igneous rocks is seen 


1 Bee., XLni, 230 (1913). 
a Qm. R^.,Ree.,XLI, 85 (1911). 



548 MANUAL OF GBOLOGY OF INDIA AND BUBMA [VoL. II, 

to be that of a rhyolite. Discontinuity of outcrop prevents individual beds from 
being followed far along the strike, and steepness of dip makes it equally impossible 
to trace them far down the dip. It is, in fact, often impossible, without 
microscope sections, to distinguish between quartzites of ordinary derivation, 
tuffs and acid eruptives. 

The phenocrysts of the rhyolite comprise irregular and sub-angular crystals 
of quartz and much kaolinised orthoclase, together with flocculent, brown scales 
which are probably the remains of biotite, and green chlorite. The cryptocryst¬ 
alline groundmass is usually vesicular and yellow in colour. Traces of spherulitic 
structure can be made out, and certain of the bands are obsidian-like and devoid 
of phenocrysts. 

In the types adjudged as tuffs the grains are angular. A feature of these rocks 
is the number of small, irregularly-shaped cavities they contain, either empty 
lined with hamatite or filled with chalcedony, and the result doubtless of the re¬ 
moval of some mineral constituent in solution. 

Chiniot Hills.— The Chenab flows through two picturesque gaps in the Chiniot 
hills which form a narrow, broken ridge, striking W.N.W.-E.S.E. in the district of 
Jhang. The rocks are pale grey red-mottled quartzites, alternating coarse and 
fine varieties on the north side, and slaty modifications on the south, dipping 
from 40® to 60® towards the N.N.E. Under the microscope their true nature is 
seen to be that of tuffs and volcanic agglomerates, consisting of angular fragments 
of quartz and devitrified glass in a dusty matrix. 

Sangla Hills* —Twenty miles to the east of Chiniot, similar pale grey quartz¬ 
ites form the Sangla hills, on which are situated the brick ruins of a town built 
by Alexander the Great; these quartzites are, however, finer in texture and more 
abundantly stained with red and purple ferruginous matter. They are thinly and 
regularly bedded, with copious rectangular jointing, and dip at high angles to the 
east and southeast. 

Shahkot Hills* —^The strata of the Shahkot hills, southeast of Sangla are still 
more ferruginous, fine-grained and argillaceous, and are more cleaved and 
altered than elsewhere; they are arranged in an iso-anticline. 

Comparison with the Malani area.— In comparision with the Malani rhyo¬ 
lites of Bajputana and those of Tusham, the Eirana specimens are much more 
weathered but are of the same general type. The Eirana and Tusham rocks agree 
in the presence of small amounts of biotite, which is rare in the Bajputana types. 

In their field relationships, the Malani rocks of Bajputana are associated with 
non-volcanic sediments to a much less extent than are the Eirana, or even the 
Tusham effusives. Heron suggests that this may indicate a diminution of volcanic 
activity, passing from south to north the flows dovetailing into ordinary sedi¬ 
ments. Such a conception is supported by the vastly greater thickness of the 
separate rhyolitic riieets in the south. According to this idea, alltherocks on 
these hills, whether effusive or sedimentary would find a plac6 in the Malani series 
orLowerVindhyan. An alternative view is that the quartzites, and slates of 
Eirana belong to the Ajabgarh series of the Delhi system, and unconformably 
underlie the rhyolites and tuffs of Malani age, with which they have been folded, 
and from which they are not always easily distinguishable. Yet another possibi ity 
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is that the line dividing the Eirana hills into two zones may represent a line of 
discordance between shales and slates of Ajabgarh age to the northeast, and the 
rhyolites, tuffs and quartzites of Malani age to the southwest. The dykes of 
diabase may correspond to the Lower Vindhyan basic intrusions described else¬ 
where. 


II. SEDIMENTARIES. 

The trans-Aravalli Vindhyan sediments, occurring in numerous scattered 
and usually flat topped outcrops consist of sandstone and conglomerate, succeeded 
upwards by limestone. The sandstone and conglomerate have been com¬ 
pared to the Eaimur series and the limestone to the Bhander Limestone, but 
Dr. Heron is not impressed by such supposed resemblances.^ From his very 
detailed descriptions, the sandstones agree most closely with those of the Bhander 
series. Since, however, the beds under comparison belong to two separate basins 
of deposition, such lithological resemblances may be accidental and of limited 
significance from a stratigraphical point of view. In degree of induration, litho¬ 
logical character, and relationship not only to the tilted Aravalli beds but also 
to the presumed Upper Carboniferous boulder beds of Bap, there is a general 
resemblance to the Vindhyan, but further than this it would be unwise to go, and 
we may agree with Mr. E.D Oldham that there can never have been any con¬ 
tinuity between the outcrops on either side of the range, and that it would be 
incorrect to speak of the Marwar beds as outliners of the Vindhyan basin. As 
Mr. Oldham remarks, “the connection between the two would be similar to that 
which subsists between the recent deposits north of the Himalaya range and the 
Indo-Gangetic Alluvium”. ^ 

The trans-Aravalli area has yielded some excellent examples of the so-called 
“chordophyceous” tracks, believed, by Nathorst to have been caused by 
crustaceans swimming quite close to and almost in contact with the sea-flood 
(see plate facing p. 516). Some of the slabs collected by La Touche from this 
area, at Osia, thirty miles north of Jodhpur, are covered with fusiform 
bodies identical in size and appearance with objects occurring in the 
Silurian of Portugal and regarded as bearing some relation to the 
trilobite described as Cruziana furcifera d’Orb.® Beyond these no 
determinable organic remains have been found in the Marwar beds, which 
in some places are warped into gentle folds along axes parallel to 
the post-Delhi folding. This folding is shared by the underlying Malani rhyolites 
where these lavas form the floor of the basin. The sandstones, consisting of al¬ 
ternations of fine-grained and gritty material, are for the most part reddish brown 
or are streaked and blotched with this colour. A white band, similar to the pale 
bands, found in the Upper Bhander Sandstone and from 10 to 40 feet thick, usually 
occurs about the middle of the sandstone but is not always present; current 
bedding and ripple-marking are common features. Pebble layers may occur 

1 JBec., LXV, 467-489 (1932). 

a Man., 2nd Edit., 106-107 (1893).. Dr. Auden, on the other hand, so far as limited observa¬ 
tions go, finds that on both sides of the Aravalli the currents which caused the current-bedding 
structures appear in all cases to have come from an easterly direction, being almost confined 
to a quadrant of a circle between N.E. and S.E. (Private communication); so far as it goes 
this uniformity might suggest a single uninterrupted basin of sedimentation, but the implica¬ 
tion is not absolutely necessary. 

SE. Vredenburge. Bee, XXXVI, 249 (1908). 
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at any horizon and in some sections are found throughout the whole thickness 
of the sandstone. Actual conglomerates are frequent and in some places pre¬ 
dominate over the sandstones, but are not usually found at the base. In places 
where the conglomerates predominate, the pebbles are larger than usual and attain 
the size of a walnut, and sometimes that of a golf-ball; they are composed of 
quartz and quartzite. The cherty limestone, except that it is neither argillace¬ 
ous nor ferruginous, resembles some of the Aravalli limestones ; it is also not un¬ 
like the Tirohan limestone of Lower Vindhyan age in Bundelkhand and Earauli 
though containing more chert and in larger masses. It is quite different from any 
of the Upper Vindhyan limestones. Except for the chert, which is not minutely 
disseminated but distributed in bands, lenticles and irregular masses, the lime¬ 
stone is pure and homogeneous. It is a grey, fine-grained, non-crystalline rock, 
which sometimes gives off an odour of petroleum, and, when distilled, yields small 
quantities of oil and an evil-smelling inflammable gas. A vague stratification 
can be made out in some sections of it; the high dip it sometimes shows is due to 
collapse. 

In two places, Sojat and Khatu, the almost horizontal Vindhyans are cleraly 
seen lying unconformably upon nearly vertical Aravalli slates. Elsewhere, the 
Vindhyan sediments have been laid down upon a floor of Malani volcanic rocks 
or of the Malani Granite. Wherever the junction between the sediments and 
the rhyolites is seen, the beds of both in most exposures happen to be nearly hori¬ 
zontal, but here and there unmistakable evidence of unconformity is to be found. 
In the scarps north of Jodhpur city, for instance, the sandstones are seen not only 
resting upon a very uneven floor of the lavas, but in places banked up against 
denuded and scarped edges of the flows. Moreover, the upper portions of the lavas, 
where these are exposed beneath the sandstones, are usually seen to be rotten 
and weathered to a considerable depth down from the ancient land-surface— 
a feature not observable on the present-day surface of the lavas. Finally, at 
the base of the sandstones there is frequently a layer of varying thickness in which 
large blocks of the lava are embedded in silt and grit; these blocks are not water- 
worn boulders and are always composed of the same variety of the lava of which 
the underlying sheet consists, having apparently weathered out therefrom in 
situ. In a few places patches of true conglomerate in the form of waterworn 
pebbles and boulders of lava and other crystalline rocks, transported from a dis¬ 
tance, are found associated with beds of fine, red and green shale ; they occupy 
hollows in the uneven surface of the lava flows, and underlie the sandstone.^ 

The sandstone formation mentioned in the previous paragraph was named 
the Jodhpur Sandstones by W.T. Blandford, who found them stretching for 90 
miles from Pokaran to Jodhpur though largely concealed beneath the desert sand. 
He describee tbese beds, wb\cb axe to be found fox some distance west and north 
of Jodhpur city, as usually coarse in texture and nearly always of a dull red colour. 
As a rule, the rock is purely quartzose, but felspar is sometimes present, and in 
places micaceous layers give the rock a &sile character. It is often current bedded 
and many of the slabs are ripple-marked. The beds, rolling about at low angles, 
show no alteration and closely , resemble some of the cis-Aravalli Vindhyan sand¬ 
stones, except that they are somewhat softer.* Sir Cyril Fox has no hesitation 
in equating the Jodhpur sandstones wiUi those of Pokaran, and both with the 

iT.E.D. La Toaohe. Mm., XXXV, 27 (1902^ 

SW.T. Blandford. Mee.., X, IB (1877). 


FUBAKA OR EARLY PALiBOZOIC 


551 


Chap. XIV.] 

VindhyBii; he remarks on the resemblance of the Fokaran sandstone with the 
Purple Sandstone of the Salt Bange a formation which> as already noted, may be 
a trans-Aravalli member of the Vindhyan.^ 

The basal bed, well seen in the group of hills southeast of Khangta, is a dark 
red freestone, with a layer an inch or two thick, of sub-angular pieces of white 
quartz as large as walnuts or hazelnuts, embedded in kaolin and derived from the 
large but infrequent dykes of quartz which traverse the underlying granite. This 
freestone, about 15 feet thick, is soft, thick-bedded, fine in grain and usually 
lighter in colour than the sandstones which succeed it. The granite which here 
underlies it is evidently not of a type which tends to form pebbles. In these hills 
the freestone is succeeded by 150 feet of dark reddish brown sandstone, uniform 
in character, almost pebbleless, with a six-inch band of chert about 80 feet from 
the base. The most complete section is seen in the inaccessible rock-island which 
carries the citadel of Khatu, and is described by Dr. Heron. * Here the Aravalli 
slates,which are reached in wells and crop out below the scarp in two places,are 
overlain by about ten feet of the freestone, an inconstant three-foot bed of con¬ 
glomerate intervening at one spot. Above the freestone come about 30 feet of 
soft red sandstones in a steep slope leading up to the base of the main scarp. The 
lower 40 feet of the latter consist of current-bedded, pebbly grits, at the top of 
which is a horizon characterised by ovoid silliceous concretions resembling sheep- 
droppings in size and shape. This is followed by 30 feet of white, flaggy sand¬ 
stones, which project in places over the pebbly grits beneath and are much used 
for the carving of very fine perforated window-screens. Above these are 120- 
150 feet of bright red or reddish purple sandstones with sparse lenticles and streaks 
of white; these soft, rather coarse, micaceous and current-bedded rocks are 
the chief component of the Khatu hills, rising in stepped slopes from the white 
flagstones at their base. Capping these sandstones are 40-50 feet of pinkish white 
or pale buff freestone with fine brown lines marking the bedding. Being poorly 
stratified, but having strong vertical joints, this freestone gives rise to mural 
cliffs surrounding the small plateau whidhcapthe hills. The topmost portions 
of the hills consist of small cakes of breccia, from five to twenty feet thick made 
up of angular fragments of chert cemented by silica, with occasional sheets 
of botryoidal iron oxides ; it is probably a residual deposit resulting from the 
collapse of the chert content of the Marwar limestone. The limestone itself is 
seen well in the two large hills northwest of Khatu, separated from each other by 
the village of Barnel. 

The finer grades of the sandstone make excellent building material and are 
very largely used for the purpose in Marwar. The hard sandstone north of Jodh¬ 
pur city is quarried not only for local purposes but for export to Karachi. 

At Fokaran, the Vindhyan sandstones are exposed close to some boulder beds 
though not visibly in contact with them. Le Touche suggests that the boundary 
between the two rock types is probably a fault, and correlates the boulder beds 
with those of Bap, 35-40 miles away to the N.N.B., which have every appearance 
of being glacial in origin and are in all probability of Talchir (Upper Carbonifero¬ 
us) age. W.T. Blanford and B.D. Oldham, on the other hand, were of the opinion 


^Fri^te communication. 

LXV, 482 (1932). 
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that the Vindhyan sandstones of Fokaian overlie the bonldei beds unconformably, 
and Dr. Heron remarks that the description of some boulder beds at Lawa (Lowo), 
only five miles distant from Fokaran, suggests a basement agglomerate, like that 
at the base of the Vindhyans near Jodhpur, in which large boulders of the Malani 
rhyolite, weathered out in situ^ are buried in silt; smaller rounded boulders near 
Fokaran itself form a true conglomerate of well-rolled pebbles of the lava and of 
other crystalline rocks, associated with red and green shales.^ While the striae on 
the Bap boulders are indubitably of glacial origin, the boulders of the Fokaran beds 
appear to be iUnstriated,with one possible exception which shows polishing and 
obscure grooving probably attributable to wind action. It is probable, there¬ 
fore, that the Fokaran beds belong to the local base of the Vindhyan and are not to 
be correlated with the Upper Carboniferous boulder beds of Bap. 

The Vindhyan age of the beds under consideration in this section is confirmed 
by their position with regard to the Talchir boulder beds of Bap. La Touche 
remarks that, after the eruption of the Malani lavas, a considerable period of time 
may have elapsed before the sandstones of the Vindhyan system—presumably 
Upper Vindhyan—were deposited upon them. Whatever may have been the 
interval separating the two periods, there is no doubt that it marks an entire 
change of conditions from intense volcanic activity to the placid accumulation 
of sediments. 

How far this trans-Aravalli Vindhyan basin extended to the northwest is not 
known, as the rocks are concealed beneath the Jurassic of Jaisalmer and the sand 
of the Thar Desert. To the southwest it does not seem to have extended as far 
as Balotra or Barmer, for La Touche found in that direction sandstones of much 
later age resting directly upon the Malani lavas. To the northeast, on the other 
hand, the basin is known to have reached thirty five miles beyond Bikaner city. 
Horizontal beds of massive, current-bedded sandstone, similar to the Marwar 
sandstones as well as to the Upper Bhander Sandstone of the Vindhyan plateau, 
are quarried at Dulmera, thirty five miles northeast of Bikaner, and supply that 
city with the handsome building stone sO extensively used therein. It is a hard 
rock, dark red-brown and fawn in colour, often blotched, streaked and spotted 
in these two tints. Another small bouldery outcrop is seen two miles south of 
Dhirera Bailway Station twenty eight miles N.N.E. of Bikaner city; specimens 
from this locality show a number of oolitic grains among the sub-angular quartz 
and felspar grains, and an abundance of heavy minerals, especially of tourmaline 
and garnet.* The total length of this basin from northeast to southwest was, 
therefore, at least 104 miles. 

FORMATION OF THE ARAVALLI RANGE. 

The term “Aravalli” is applied by geographers to the N.B.-S.W. range of hills 
separating the Godwar district of i^rwar (Jodhpur) from the State of Mewar 
(Udaipur), and continuing to the northeast along a narrow tongue of Ajmer-Mer- 
wara. In early geological times the range, immensely greater than it is now, 
extended far beyond these limits to the northeast and to the southwest. When 
speaking of this ancient chain, it is convenient to extend the name to the former 
limits of the hills and to their more or less isolated relics in the central part of 

iNec.,LXV,467 (1932). 

KXes. Eep., J2ie., L3C.Xni S6 (1988). 
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Ajmer, in Eishangarh, Jaipur and Alwar in one direction, and to the more ex- 
tensiyely hilly traota in Central Me war, Sirohi, Falanpur, Dungarpur, Banswara, 
Idar, and Danta, in the other. 

Throughout the Indian Peninsula the metamorphosed Archaean areas must 
include many instances of the roots and relics of ancient mountain systems, but 
with insignificant exceptions, all have been worn down to undulating plains or 
plateaux. Accepting Dr. Heron’s conclusion that the Delhi rocks belong to the 
Purana group, it is natural to infer that the Aravalli chain owes its prominence 
chiefly to the fact that it belongs to a stage of uplift much later than that of the 
vanished mountains now reduced to featureless plains. As already stated, the 
Aravalli is the only range of importance in the Peninsula which owes its existence 
in the first place to the severe folding to which its rocks were subjected, the axes 
of the folds coinciding generally with the direction of the range. The relation¬ 
ships of this range with the main Vindhyan basin are matters of special interest. 

Bewteen the almost horizontal Vindhyan sediments of the plateau and the 
ancient slates forming the core of the Aravalli chain, there stretches a narrow strip 
of Vindhyan beds which show signs of disturbance and have evidently been affected 
by a later phase of the earth movement which was responsible for the forma¬ 
tion of the Aravalli range. This strip is more or less enclosed between two lines 
of faulting, but the line forming the southeastern boundary in the Earauli area 
when traced southwestwards, becomes the northwestern boundary in the Bundi 
State. The disturbed Vindhyan strip is thus, as it were, echeloned with respect 
to the line of faulting common to the two areas, and is characterised by strike 
ridges parallel to the axes of dislocation and folding in contrast to the plateau 
country to the southeast. Along the northwest side of the strip, the wreck of the 
Aravalli range is represented by numerous outcrops of highly-dipping slates and 
schists, many of them isolated by recent alluvial deposition. 

In the Earauli area, the above-mentioned marginal strip of Vindhyan beds 
averaging some 12 miles across, is corrugated into two broad synclines and anti¬ 
clines ; northeast of this the rocks between the two faults are folded into a mutually 
contiguous syncline and anticline. Southwestwards, from the Earauli area, in 
Bun(£ State, the folding becomes tighter, the beds are disturbed by additional 
faulting, and the average width of the strip is reduced to less than four miles. 

The echeloned line or zone of faulting referred to above is known in general 
terms as the Great Boundary Fault of Eajputana, and has every appearance of 
denoting the limit of deposition of the Vin^yan sediments belonging to the main 
Vindhyan basin against the foot of the old ijavalli chain. Disregarding the dis¬ 
tant trans-Aravalli Vindhyan exposures which belong in all probability to a separate 
basin of deposition, no outliers of definitely identified Vindhyan rocks occur on 
the northwest side of the fault zone, with apparently one exception. The exception 
to this clean division of the rocks is a small outlier on the northwestern side of the 
faulting S. 3 .E. of Hindaun, consisting of Eaimur sandstone and the Tirohan 
Breccia. Other supposed outliers have been recorded but, in the case of some of 
them the position of the fault is not certain, and in the case of others the identifica¬ 
tion of the outlying rocks is not beyond suspicion.^ In Earauli, outlying strips 
of the younger rocks are found between the reduplicated ends of the fault, and 

^Where the boundary of these outlying exposures is a faulted one, one might suspeot the 
presence of tectonic * * windows’ *. 
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allow a muoli greater degree of dieturbanoe, and in some cases greater alteration 
than do their equivalents on the downthrust side of the faulting. To a verjc close 
degree, therefore, the Great Boundary Fault of Bajputana is a line of distinction 
between highly-folded and metamorphosed ancient rocks on one side and gently 
dipping unaltered younger sediments on the other. 

To recapitulate, there extends along the northwestern margin of the main 
Yindhyan basin a fault or thrust zone which coincides approximately with the 
old boundary of Yindhyan waters. In the immediate neighbourhood of this 
faulting the Yindhyan sediments show corrugation or disturbance—sometimes 
of a severe character—but a few miles distant from the fault they assume apracti- 
caDy horizontal position and stretch in a comparatively undisturbed state for many 
miles to the southeast. 

If we are correct in assigning the Delhi rocks to the Purana, it must hc^ve 
been the closing phase of that era which witnessed the initiation of the great moun¬ 
tain range of which the present Aravallis are but the wreck. This range became 
and remained for a very long time the principal feature of this end of the old Gond- 
wana continent. To the northeast it reached at least as far as the Delhi ‘"Ridge” 
and possibly as far as what is now part of the Himalaya, for the most conspicuous 
instance of transverse strike in the old rocks of the latter mountain system lies in 
a line with the Aravalli range. This belt of transverse strike in the Himalaya 
extends, with one interruption in the neghbourhood of Ranikhet, for some 60 
miles into the Hills and is associated along one section with folded and crushed 
rocks and along another with a transverse fault.^ The crushing is described by 
Middlemiss as of a kind which has taken place in the cold and solid state of the 
rock* and, although such transverse features in the Himalaya may elsewhere be 
due to other causes, they may, with some show of reason, be relics of the old Aravalli 
compression when found along the strike of the Aravalli r^nge. It should be noted 
that these transverse Himalayan strikes cease at the Sub-Himalayan belt of 
Tertiary rocks, where they are abruptly replaced by the normal W.N.W.-E.S.E. 
strike. Indications supporting those reported by Middlemiss have been noted by 
Auden in the orientation of phenocrysts and of lenticular and linear structures in 
the gneissic granite at Lansdowne in British Garhwal—^a granite which, it is true, 
has been regarded by many as provisionally Tertiary but which is probably much 
older and nearer the Carboniferous in age. N.E.-S.W. directions are recorded by 
the same observer in the tectonic elongation of pebbles in the Jaunsar conglomerates, 
and also in the fold ripples of the phyllites and the schistosity of the quartz schists 
of the same series in the Simla-Chakrata area.* The Jaunsar rocks are possibly 
Devonian in age, and orientation along Aravalli directions has been observed in 
Himalayan beds up to but not above the Blaini formation, which there is good 
reason to believe belongs to the Upper Carboniferous, an age not very dissimilar to 
that of the Landsdowne granite. If we are to accept such anomalies in strike and 
orientation as Aravalli features we must conclude that the Aravalli compressional 
movement persisted—^perhaps, with a much subdued effect—till long after the 
Yindhyan period, and only ceased towards the end of the Carboniferous. A 


^These strikes are more or less K.-S. and not quite at right angles to the normal strike 
of the Mimalayan range; in fact, they make an angle of not much more than 60 ^ with the latter. 

•ireiii.,XXJV, 126(1890). 

•Fes., IiZVI,467 (1922). 




Chap. XIV.] purana or early PALjBOzoio 556 

further fact suggesting an ancient northeastward continuation of the Aravalli 
into the Himalayan region is the dying-out of the fossiliferous Parahio (Cambrian) 
bedsofSpiti in a southeasterly direction, i.e., towards the supposed extension 
of the Aravalli chain. Before leaving this subject, it is perhaps worthy of mention 
that the great mountain knot in Tibet, which forms the cradel of the Manasarowar 
Lakes and from which flow the Sutlej and Indus to the northwest and the Tsangpo- 
Brahmaputra to the southeast, is also in line with the Aravalli belt of compression. 

How far to the southwest the old range extended it is impossible to say de¬ 
finitely, since the rocks are covered by the alluvium of the Saraswati, Sabarmati, 
Mahi and Narbada, by the Mesozoic sediments and lavas of Kathiawar and Cutch 
and by the waters of the Arabian Sea. Upon this point the soundings taken by 
the John Murray Expedition in 1933 have perhaps some bearing. ' These investi¬ 
gations showed the existence beneath the Arabian Sea of a submerged mountain 
range, rising 10,000 feet above the general level of the sea-bottom and frending 
in a southwest direction towards the island of Socotra. On the northwest side 
of this range, which one is tempted to suggest, may be a relic of the Aravalli 
or of a branch thereof, submerged by the foundering of part of the Gondwana 
continent after the outpouring of the Deccan Trap, is a level plain, some 1,850, 
fathoms below sea-level, bounded to the north by another less lofty sunken moun¬ 
tain range extending westwards from the vicinity of Karachi to the entrance to 
the Gulf of Oman, parallel to the Makran coast. Southeast of the higher range is a 
deep narrow valley, with a depth of 2,000 fathoms, having a steep slope on its 
Cutch and the Kathiawar coast. 

Another submarine ridge runs due N.-S. through the Laccadive, Maidive and 
Chagos islands, and may perhaps represent another branch of the range ; such 
a conception is supported by geodetic anomalies, which are similar in the Aravalli 
and Laccadive areas. The behaviour of the submarine ranges below the Arabian 
Sea is in harmony with the fan-like splaying of the Aravalli strikes in southern 
Rajputana and northern Bombay. 

One of the main structural features of the Aravalli range is the Great Boundary 
dislocation which in a general way, and disregarding the narrow belt of disturbed 
Vindhyan, separates the gently-lying deposits of the main Vindhyan basin on the 
southeast from the highly-folded and contorted beds of the more ancient systems 
on the northwest. It has been traced throughout its entire visible length from 
where it sinks below the Jumna alluvium near Fatehpur Sikri in the northeast to 
its disappearance beneath the Deccan Trap on the frontiers of Mewar and Partab- 
garh in the southwest, a distance of between 250 and 260 miles. The faulting is 
seldom or never a clean-cut thrust but is frequently spread over a belt of some 
considerable breadth. Sometimes these planes of movement diverge widely, 
with large blocks of unfractured country in between; in other places they are 
condensed into a band of shearing and crushing. The fracture is believed to 
be of a reversed nature, hading to the northwest, though very little definite field 
evidence in favour of this conclusion has yet been adduced. Its maximum throw 
or thrust is estimated to be at least 5,000 feet. For long distances, this throw 
appears to show very little variation ; throughout its whole length in the State 
of Bundi, for instance, a distance of 70 miles, the Aravalli (Gwalior) rocks on the 
one side are brought against either the Upper Bhander sandstone or the Sirbu 
Shales of the Upper Vindhyan formation. 
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As already explained, the Great Boundary dislocation, throughout a large part 
of its course consists of two major faults, usually from six to twelve miles apart, and 
echeloned on one another for a distance of 70 miles or more in the neighbourhood 
of Karauli, through which town the most southeasterly of the faults passes. Here 
the direction of the faults is parallel to the axes of folding of the region, and is 
N.E.-S.W. Some at least of the minor cross faults are probably unconnected 
with the main tectonic movements. 

The northwestern of the two faults is not so well seen. Actual sections when 
visible are described as showing a steep, almost vertical hade ; in one place, however, 
inversion has been noted, the Tirohan Breccia overlying the Kaimur Conglomerate 
at an angle of 45®. A short distance from the fault, the Upper Bhanders are 
seen to be tilted and form a remarkably straight and almost uninterrupted edge to 
the Bhander plateau, over which they occur in their normal more or less horizontal 
position. EastofLohrfrra the fault, when followed southwestwards, divides into 
two branches which, after causing a repetition of the three Vindhyan series, unite 
again further southwestwards into one plane of fracture. The northwestern fault 
decreases in throw towards the southwest and appears to die out beneath the 
alluvium west or northwest of Banthambhor; to the northeast its effects have been 
traced to within a few miles of the Jumna. 

The more southeastern of the two faults commences in Earauli, in the plateau 
of Upper Bhander Sandstone, as two converging branches which meet a distinct 
valley has been excavated along the line of disturbance. Although conveniently 
spoken of as a single fracture, it is probably more of the nature of several close 
parallel dislocations distributed over a breadth of about a quarter of a mile. To¬ 
wards Earauli, as the throw increases, lower and lower horizons are successively 
thrust from the northwest over the Upper Bhander Sandstone ; in this way, the 
Lower Bhander Sandstone, the Bhander Limestone, the Upper Rewah Sandstone 
and the Tirohan Limestone and Breccia are each of them brought into close proxi¬ 
mity or into actual contact with the Upper Bhanders, but there are slight irre¬ 
gularities in the throw of the fault, and the appositions are not always successive. 
A ferruginous breccia sometimes marks the position of the fault in Earauli, and 
crushing and brecciation are often seen along its line. Where the Ara valli (Gwalior) 
quartzites are brought into juxtaposition with the Sirbu Shales, the throw of 
the fault must be at least 4,000 feet; along this section large masses of a white 
fault-breccia are sometimes seen, composed of fragments of the Aravalli quartzite 
in a granular quartzose cement. Beyond Banthambhor, the fault forks into two 
branches which enclose between them part of an anticline in which is exposed 
an almost complete sequence of the Upper Vindhyan from the Panna Shales to 
the base of the Sirbu Shales. 

In the State of Bundi where, as usual, the general strike of the Upper Vindhyan 
coincides with that of the Aravalli rocks to the northwest, the Great Boundary 
Fault is a continuation of the more southeasterly of the two faults in the Earauli 
area and is a prominent structural feature. Heere again its position in the 
opinion of Coulson, cannot differ greatly from that of the old Vindhyan shoreline.^ 
In the northeast corner of the State, there is very complicated cross-faulting. 


^See., LX, 186 (1627), 
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At Antarda there is clear evidence of the Boundary Fault dividing into two 
branches, the southeasterly of which has been traced for a distance of 14 miles 
before dying out. The northwesterly branch thus becomes the main Boundary 
Fault. At Satur it suffers a displacement, the effect of a cross-fault. For about 
a mile in the neighbourhood of Bhojgarh, it consists of several parallel faults. 
South of this, faulting is less important and displacement has been taken up to a 
greater extent by the folds. There are many minor faults in Bundi, some of which 
unite with Boundary Fault; one of these has been traced for 40 miles and has 
brought the Jhiri and the Panna Shales against the Upper Bhander Sandstone. 

From Tikarde, immediately north of Bundi city, to beyond Mandalgarh in 
Jlewar, the Great Boundary Fault is marked by the so-called *‘Datunda quartzite”, 
which appears to be merely a line of wedges of shattered Upper Bhander Sandstone 
included within the fault or within a series of a parallel faults. From Mandalgarh 
to Chitor, the general strike of the Vindhyan folds is no longer parallel to the fault 
but oblique to it, various members of the Vindhyan succession abutting in turn 
against the Aravallis or the Bundelkhand Granite.^ At Chitor, this fault takes 
a southward trend and leaves the Vindhyan outcrop, passing, so far as poor 
exposures show, just to the east of the Sawa grit and shales which are in conse¬ 
quence much crumpled and frequently inverted. 

The Great Boundary Fault of Eajputana must be regarded as one of the results 
of the earth movement from the northwest which folded • up the pre-Aravalli, 
Aravalli and Delhi rocks into the great mountain chain of this part of Gondwana- 
land. Asalready shown, the highly disturbed Aravalli beds have been brought, 
in places, into contact with the almost horizontal Upper Bhander Sandstone, 
ancl Mr. K.D. Oldham has called attention to the difficulty there would be in 
accounting for a fault of so great a throw, were it necessary to assume that the 
thrust was entirely subsequent to the deposition of the Vindhyans which, except 
in the immediate neighbourhood of the fault, show little or no disturbance.® 

To Oldham we owe a highly suggestive description of the close analogy between 
the formation of the Aravalli chain and that of the Himalaya. Along a large 
portion of the foot of the Himalaya, on the downthrow side of the “Great Boun¬ 
dary Fault” of the range, there is a strip of upper Tertiary beds which show disturb¬ 
ance but to a less degree than do the older rocks on the upthrust side. The 
equivalents of these beds are believed to be present under the Recent aluvium 
of the plains and in more or less conformable relationship thereto. For the purpose 
of our analogy, therefore, these upper Tertiary beds and the Indo-Gangetic Allu¬ 
vium, of vrhich they are merely the forerunners, may be treated as one continuous 
series of deposits. Bearing this in mind and ignoring local complications, it will 
at once be apparent that the boundary between these young sediments and the 
ancient Himalayan rocks exhibits very much the same features as does the bound¬ 
ary between the Vindhyans and the older rocks of the Aravalli range. When 
the Himalayan thrust, which is still proceeding, will have ceased, when the depo¬ 
sition of silt upon the Indo-Gangetic plain will have risen to still higher levels and 
when the Himalayan chain, including its foot-hills, will have undergone ages 
of denudation equivalant to those which have laid bare the roots of the Aravalli 
structure, the resemblances of the one to what the other now is will be still 


mn. Rep., Rec., LIX, 99 (1926). 
®Kan. 2nd Edit; 103 (1893). 
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more striking. What is found in Bajputana today will oharacterise the future 
Himalaya ^in a more conspicuous and clearer degree, the beds of the younger 
system will be seen lying in contact with highly-disturbed rocks of much more 
ancient date along a ^eat line of faulting to the north of which will lie a broad 
exposure of the wreck of a mountain chain. 

In the case of the Himalaya, the fault, which may be conceived as a thrust 
from the north, has been gradually formed pari passu with the deposition of the 
Tertiary and Becent sediments of the Himalayan foot-hills and Indo-Gangetic 
plain. The process, in fact, is not yet completed ; the thrust is still proceeding 
and in some places also the deposition of silt upon the plain. This series of sedi¬ 
ments as a whole, dating from an early part of the Tertiary era to the present 
day, is contemporaneous in its origin with the elevation of the Himalaya and haa 
been formed of the debris of that range. The piling up of the Himalaya has not 
been limited to any particular series of the Tertiary, or Pleistocene, thoguh it 
seems to have been greater at certain times than at others, and has persisted till 
recent times. The line of the thrust in question is approximately the northern 
boundary of the sediments of the youndet system, and has, for that reason, 
been called the Great Boundary Fault. 

There are some grounds for inferring that the similar structure and association 
in the case of the Aravalli range indicate a similarity of origin, and that the great 
Vindhyan spread of Central India is formed of deposits which bear the same relation 
to that range as the indo-Gangetic silts and their forerunners do to the Himalaya. 
The inference is of importance since it would fix the period of the formation of the 
Aravalli range as contemporaneous to some extent with the deposition of the 
Vindhyan rocks that were produced from its debris, and would place the original 
limit of deposition not far from the present limit of the Vindhyan outcrop. 

The lack of organic remains in the Vindhyan bed^ might to some extent be 
due to the scarcely diminished porosity of more or less u]^olded strata, raised at 
an early period above sea-levei and exposed to the solvent action of circulating 
meteoric waters. Such a suggestion, however, does not commend itself as entirely 
adequate, and it seems more likely that the unfossiliferous nature of the sedi¬ 
ments is a result of the conditions of deposition. The beds appear to have been laid 
down in a broad belt occupying the angle between the N.B.—S.W. Aravalli range 
and the E.N.E.—W.S.W. barrier of gneiss which is believed to have stretched 
across the Peninsula. Signsofanaridclimatearenot wanting and the Vindhyan 
silts may have accumulated under conditions alternating between fresh water and 
abnormally saline conditions. The belt of sedimentation narrowed towards the 
southwest in the angle between the Aravalli hills and the gneissic ridge, suggesting 
the source of a large river from this direction. Indian coasts of the old continent, 
which at that time included much of the Peninsular area, may well have been 
fringed with volcanoes whose lavas and ashes have been recognised in western * 
Bajputana, western Punjab, the 8on valley, and the Chhattisgarh area. 

The scattered exposures of supposed Vindhyan rooks to the northwest of the 
Aravalli range in Marwar belong to a basin of deposition independent of and in all 
probability unconnected with the main Vindhyan basin on the southeast side of 
the range. Towards the end of the Vindhyan period, a local depression seems to 
have formed on the northwestern side of the Axavallis in which these sandstones 
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and limestones were laid down, stretching for an unknown distance to the north-¬ 
east and northwest but not as far as the southern half of Marwar in a southerly 
direction.^ In the light of Oldham’s analogy, these beds and their relationship 
to the Vindhyans on the southeastern side of the Aravalli correspond to the Ter¬ 
tiary and Quaterna^ deposits on the northern flank of the Himalaya and their 
relationship, to the tndo-Gangetic aUuvium and its antecedents. The distance 
between the edges of the two basins—so far as modern boundaries indicate —^is 
much the same in the two cases ; that in Bajputana, about 90 miles, being a little 
less than that in the Himalaya, about 110 miles. From the width of the Aravalli 
and Delhi exposures, from the severity of the plication, contortion and thrust- 
faulting, from the extent and intimacy of the ingeous injections in the Delhi rocks, 
and from the degree of metamorphism exhibited by many of the latter, the impres¬ 
sion is given of a mountain range which in Bajputana, although perhaps a little 
inferior in height and width when compared with the present Himalaya, must 
have been of the same order of magnitude and importance. 

The conspicuous convexity of the Himalaya towards the south, towards 
the direction in which the rocks were thrust, is not paralleled in the case of the 
Aravalli of Bajputana for the simple reason that the old shield of Bundelkhand 
Granite, against which the Aravalli and Delhi rocks were forced by the movement 
from the northwest or west, projected in a blunt promontory somewhere in the 
neighbourhood of Chitor, where it formed a wide nodal ai:ea of obstruction to 
the advance of the rock-waves. The latter curve round this nodal promontory 
just as the Hiamalaya-Hazara rock-waves curve round the Muzaffarabad syntaxis 
of Kashmir, the only diflerence being that the obstruction in Kashmir seems to 
have been much more acute. As will be seen in the case of Himalaya, wherever 
such nodal points occur, the rock waves naturally assume a concave shape towards 
the direction in which they are being impelled. Such a concavity—^in this case 
towards the east or southeast—is clearly seen around Chitor where there is a gradual 
and constiant swing-round of the strike. Of the convexity of the strike towards 
the east, which we should expect in the beds north and south of the Chitor S 3 nitaxis, 
there are, admittedly only faint indications. To the south of Chitor, the Vindhyan 
boundary is for the most part concealed beneath the Deccan Trap. A faint 
convexity can be made out in palces—^for instance to the southeast of the city 
of Tonk—^but the strike scheme may be complicated by overthrusting, by the 
presence of additional unimportant nodal points, as well as by the transverse ridge 
of gneiss, and it is also possible that the original trend of the beds has been to some 
extent modified by the much later Himalayan movement whose influence is likely 
to have affected to some extent the northern margin of the Peninsula. 

One difference in the two parallels, as remarked by Fermor, is the distinctness 
of the Vindhyan stages and the wide extent of the majority of them, as compared 
with the Himalayan Tertiary and Quaternary deposits.* This contrast, however,, 
is of negligible magnitude and must not be exaggerated, for most of the Hima¬ 
layan Tertiary stages can be traced for long distances, just as, on the other hand, 
some of the Vindhyan stages are not always readily recognisable. The Vindhyan 
system also includes at least one important limestone, but this can be matched,. 


1T.H.P. La Touche, Mm., XZZV, 29 (1902). 
*Bec., LXII, 400 (1929). 
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though somewhat inadequately, by the thin Subathu limestone of the Himalaya. 
There are indications that the foredeep fronting the Himalaya was occupied at first 
by a marine gulf, which became subsequently filled up with river sediments. The 
foredeep in front of the Aravalli also seems to^have been initially of a marine charac¬ 
ter possibly there were oscillations between marine and sub-aerial conditions 
in Bajputana, but the former perhaps occupied a somewhat larger proportion 
of the Yindhyan period than they did of the Tertiary-Quaternary succession in 
the Himalayan region. In both regions sub-aerial conditions are thought to have 
predominated. 

It is at any rate safe to assume that, like that of the Himalaya, the rise of the 
Aravalli range extended over a considerable period. The orientation of structures 
in the Delhi calc-schists and of phenocrysts in the Erinpura Granite is suggestive 
of early movement perpendicular to the general direction of the Aravalli chain 
ns early as the Furana era.^ Coulson concludes that in Sirohi most of the folding 
of the Aravalli and Delhi rocks took place prior to the intrusion of the Erinpura 
Oranite, but the fact that the granite does in places show foliation proves either 
that the granite magma was under considerable pressure while still viscous or 
that the compressional force continued in Sirohi after the intrusion. That the 
bulk of the folding in some sections of the range took place before the last phases 
of the Erinpura intrusion is considered to be shown by the fact that the final bosses, 
which are characteristic of the southwestern end of the chain, especially in Idar 
a.nd Danta, are unfoliated add must have welled up quietly under no strong com¬ 
pression and escaped any severe subsequent tangential pressure. It is the earlier 
Erinpura instrusions of the northeastern end of the Aravalli chain—^in Ajmer, 
Jaipur and Alwar—which are foliated. 

Nevertheless, the Upper Vindhyans, along their boundary with the Aravallis 
nnd Delhis, show unmistakable disturbance in the form of folding and faulting 
and even to some extent of metamorphism. There must, therefore, have been 
4 persistence or recrudescence of the movement which only not disturbed the 
Lower Yindhyan (including the Malanis), but was locally intensified along the 
vicinity of the Great Boundary Fault, affecting all series of the Upper 
Yindhyans. 

The Malani suite of intrusions, on the other side of the range, show no foliation, 
but some disturbance ; these facts support the view that most of the upheaval 
preceded the Malani epoch but that movement continued subsequently. On 
the northwestern flank of the range in Sirohi, the junction of the ^avallis with 
the Erinpura Granite coincides with what was almost certainly a plane of movement 
during the late phase of the earth movements which accompanied the intrusion 
of the Erinpura Granite. Along this plane, in the neighbourhood of Isri, the 
younger Malani. Granite found a relatively easy path and stoped its way quietly 
into both the Aravalli schists and the Erinpura Granite ; this old junction surface 
may have played some part in the outpouring of the Malani rhyolitic lavas. 

To sum up, therefore, the folding movement which produced the Aravalli 
Tange commenced towards the end of the Delhi period, and had begun to wane 
hy the close of the Erinpura Granite intrusion, but continued during Yindhyan 


«J.B. Auden. JReo., LXYI, 468 (1982). 
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times and did not cease till at least the end of the Upper Vindhyan. It is pro¬ 
bably safe to infer that the bulk of the uplift was coincident with, and the accom¬ 
paniment of, the intrusion of the Erinpura Granite. It is not unlikely that during 
Vindhyan times the folding was to some extent replaced by thrusting. There ia 
some reason to believe that, at the northeastern end of the range at least, the 
compressional movement was prolonged or suffered a recrudescence which haa 
affected Devonian or Carboniferous rocks. The result of the earth movementa 
which in India folded and compressed the Parana and older rocks of the Aravalli 
mountains and later on affected the fringe of the Vindhyan basin has been de¬ 
scribed as the birth of the Gondwana continent, part of the north coast of which 
coincided more or less with the line of the Himalaya. 



CHAPTER XV. 

CAMBRIAN AND POSSIBLE EQUlVAtENTS. 

Distribution. The Salt Range: !Di8tributib& and rabdirision—Saline series^helum 
eeries—^Isolated Qoonrrences at Ohittidil and Chhidru-^The Purple )9and0tone*->!Rus8dc 
stage—Jixtana stag^Baghanwala stage—Faunal relationships. Trans-Indos eontiniiatioli 

the Salt Range* Kangra diatHct* Punjab : Subdivision; Parahio series; Subdiyision 
and fauna of the Parahio series ; Character of the fauna and its relationships ; Age of the 
Spiti beds; Upper boundary. Kashmir : lie of the ancient sedimentaries; Oraywaoke 
group ; Relationship to the Dom Slates; Lower Cambrian; Middle and I^per Cambrian; 
Fauna; Age and correlation of the beds. Burma : Bawdwin Vitonie S^es— Position 
and relationships ; " Age—Composition—The layae—The tuffs—MoliQchauug—Myitkyina— 
Southern Shan States. Pangyun series : Yunnan and Tonkin. Gmnbrfan Geography. 

Distribution. —In Extra-peninsular India, the presence of Cambrian rocks 
has been proved in three areas—the Salt Range of the Punjab, certain parts of 
Kashmir, and the Spiti valley of the Punjab Himalaya—by the discovery of 
Cambrian fossils. It is also probable that the system is represented by rocks which 
have so far proved devoid of recognisable fossils in other parts of Kashmir, and 
in Upper Burma. As already noted, it id not impossible that the Dogra Slates 
ofKashmir, the Simla Slates ofthe Punjab Himalaya, the Attock Slates of Attock 
and Hazara, and their partial or approximate equivalents, the Chails and the 
Chandpurs, are also of Cambrian age instead of belonging to the Purana, under 
which heading they have been provisionally placed. The Vindhyan sequence 
described in the previous chapter, and more especially the uppermost stage of the 
Lower division thereof, may be of Cambrian age (pp. 498-99). 

THE SALT RANGE. 

Distribution and Subdivision. —The Salt Range, lying in the Punjab dis¬ 
tricts of Jhelum, Shahpur and Mianwali, and fronting the river Jhelum, is little 
more than the scarped southerly margin of the Potwar plateau, stretching from 
the bend made by the Jhelum river at the cantonment of that name westwards 
to the Indus opposite Kalabagh. From Jhelum town to a point nearly opposite 
to the culminating point of the scarp, Mount Sakesar, the Jhelum river flows along 
or close to the foot of the range before turning southwards ; beyond Sakesar the 
Balt Range scarp takes a sharp bend northwestwards to the Indus. Its eastern 
end is complicated by displacement as well as faulting. The dry and sun-burnt 
face of the scarp, which radiates much heat, is characterised by fan-shaped 
accumulations of detritus at the mouths of the gorges draining the range; these 
fans encroach upon each other to form a stonj^ belt carrying a stunted jungle which 
but adds to the sterile aspect. The deeper ravines such as those of the NilaWahan, 

; Sardahi and Nursinghpur, are, however, not without beauty. The range is named 
after the great salt fields it contains, and the age of this salt has presented one of 
those problems which from time to time create a kind of civil war in the geological 
world. To discuss all the various views put forward concerning the age and origin 
of the salt and salt marl and their relationship to the salt deposits of Kohat, 
would fill a small volume and cannot be undertaken in a work of this kind. 

Briefly, there are four salt-hearing areas in northwest India : (i) Mandi State, 
forming part of the Punjab Himalaya; (ii) the Punjab Salt Range; (iii) the trans- 
Indus continuation of the latter; and (iv) the Kohat salt fields. 

( 662 ) 
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CAMBRIAN FAUNA. 

1. Redlichia noetlin^i (Redlich)* 2. Pseudotheca waageni Redlich. 3. Oryetocephalus salteri P^ f » d . 4, Pt 
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Of tlie age of the salt in the K.ohat fields, which lie north and west of the arcuate 
ranges continuing the Punjab Salt Bange across the Indus, there can be no doubt; 
it is accepted by all as Tertiary, and either Palaeocene or Lower Eocene. The 
salt in Mandi, one of the Simla Hill States, is also generally accepted as of the same 
Tertiary age. With regard to the salt in the Salt Bange and in the scanty isolated 
outcrops along the same line of strike west of the Indus, the view put forward by 
Wynne after a detailed survey of these areas as well as of the Kohat region, was 
that, while the Kohat salt was Tertiary, that of the other two regions was older 
than the beds containing Cambrian fossils (at that time pronounced as "'Silurian*’). 
This Cambrian or pre-Cambrian age was not accepted by all, and the results of 
Dr. E.E. Gee’s recent re-survey seemed at first to support the view that the salt 
of al] three regions was the same and, like that of Mandi, Tertiary.^ During that 
re-survey, however, two planks were added to the argument favouring a Cambrian 
age. One of them was the failure by Dr. Gee, after exhaustive search, to find 
Niimmulites or other Tertiary fossils occurring indigenously in rocks definitely 
a5so(;iated with the salt and salt marl, especially in the shale bands intercalated 
among the deposits of gypsum. The other was the discovery of Cambrian fossils in 
Persia, in beds said to be closely associated with the salt deposits of that country— 
salt deposits which at first had been pronounced by Dr. Pilgrim to be of some age 
between Upper Cretaceous and Middle Eocene, and subsequently as possibly as old 
as the Trias. 2 Dr. Gee’s final views coincide approximately with those of Wynne 
and uphold the Cambrian or pre-Cambrian age of the Salt Bange salt, but still 
more recent discoveries by Prof. B. Sahni and Mr. B.S. Trivedi have re-opened 
the question. 

The Salt Bange has been affected by compressional stresses of some severity 
persisting to a late phase of the Tertiary period and resulting in complicated 
overthrusting and tear-faults. The sequence includes in its lowest portion an 
extensive succession of apparently conformable strata, nearly 3,000 feet in thick¬ 
ness, which have been divided into the following subdivisions in order of physical 
superposition:— 

In feet 


f (iv) Baghanwala or*'Salt Pseudomorph’* stage . . 450 

(iii) Jutana or Magnesian Sandstone stage . . . 250 

Jhelum series V (ii) Kussak or Neobolus Shale stage .... 100 

(i) Khewra or Purple Sandstone stage .... 450 

r(c) Gypsum-dolomite stage .... at least 200 

Saline series -I (b) Salt Marl.750 

(.(&) Gypseous Marl.. „ 500 


The complete sequence is only seen in the eastern part of the range, where 
it remains very constant over a wide area, w’^hile overlying younger formations 
gradually diminish in thickness. 

The base of the range is occupied very largely by the Saline series, which in¬ 
cludes the salt marl, salt and gypsum. In the eastern half of the range, this series 
is overlain by the Purple Sandstone ; in the west, it is succeeded by the Talchir 
Boulder Bed of Upper Carboniferous age, except in the vicinity of the Indus at 
Kalabagh where Siwalik beds immediately succeed it.’ 

brief summary of the various hypotheses put forward was made by the writer some 
twenty years ago when the balance of evidence seemed in favour of the view that the f»lt on 
both sides of the Indus was Tertiaiy. See Mem,, XL, 358-371 (1920). 

‘Hormuz series. Mem,, XXXiV, Pt. 2,16 (1908 ); Mem,, XLVIll, Pt. 2,19-24 (1925). 

‘E.B. Gee. Current SeiemAe, II, 460 (June, 1934). 
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Sattne Series. —The term '^Saline series’’ was employed by Wynne to include 
the salt marl, rock-salt and gypsum of the Salt Bange and Kalabagh. Besides 
occupying the southern margin of the Salt Bange, it has been recorded in one or 
two isolated areas on the north slope of the latter ; on the other side of the Indus 
it is seen not only at Kalabagh but again as two isolated patches a few miles to 
the north of that town.' Possibly the gypseous beds of Kingriali at the southern 
end of the trans-Indus Khasor hills,* and perhaps the gypsum beds at Umar Omar 
Kbel in the same range, belong also to this series. 

The predominating member of the Saline series is a gypseous marl (hah,r) 
of a bright scarlet to dull purple, tough but not hard and, in spite of its great thick¬ 
ness, with a notable absence of stratification or colour-banding and of any of the 
coarser forms of sediments. In places, it acquires an appearance of stratification 
from contained beds of gypsum and rock-salt, a few layers of dolomite, some 
beds of sandy dolomite in its lower parts and, near Khewra, a six-inch band of 
bituminous shale and some irregular patches of an obscure, dark purple, dioritio 
trap. NearChohaand Warch aMandi,the sequence includes bedded, gypsiferous, 
light grey and greenish clays, fiaggy dolomite and low grade oil-shale, intercalated 
among which are several thin bands of soft, pink sandstone and some flaggy gyp¬ 
sum ; Gee notes that these beds are undoubtedly a normally stratified sedimentary 
sequence.* The marl itself is composed of gypsum and red clay, with a certain 
amount of calcium and magnesium carbonates in about equal proportions, and 
a little alumina and ferric oxide. It does not disintegrate with hydrochloric acid, 
but when powdered effervesces, the carbonates, alumina and iron oxide dissolving, 
and a redmsh mud of clay and calcium sulphate remaining. The colour of the 
marl is due chiefly to the ferric oxide. The red Salt Marl is seen in the inliers 
north of the range and in the disturbed area of Kalabagh, but further west is absent 
or represented by inconspicuous greyish clays. 

From a quantitative analysis of the Bed Marl made by himself. Dr. H. Warth 
has attempted an interesting reconstruction of the minerals present as follows :— 

Per cent 


Quartz (SiO,). ^*00 

Clay (Al,6i,0,+2H,0). 20-00 

Gypsum (GaS04.2H,0).. • • • 35*00 

Hflsmatite (F,eO|). 2-00 

Dolomite (Ga, Mg) CO).. • • 34*00 


100-00 

The significant points of this analysis are s (i) the small proportion of hmmatite 
in view of the intensely red colour, and (ii) the presence of calcium and magnesium 
carbonate in almost the exact proportions of pure dolomite. Heated before the 
blow-pipe the red marl melts to a nearly colourless glass.* 


Pasooe. Mem. ZL, 852 (1920). 

■Inoluded in tlie*’Boiilder Beds** on Wynne’s map, Jfem., XVII., Pt. 2( 1830). 
^Private oammumoation. 

*E. Warth. Bee.,XLVn,78(1916). 
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Gee has found the gypsum and dolomite of the lower part of the series in many 
sections contorted, and sometimes crushed into irregular ** pebbles ” suggestive 
of an autoclastic structure. In many cases, these '^conglomerates ” are obv iously 
the result of tectonic pressure, which has shattered thin intercalations of gypsum 
within the less competent beds of red clay and marl. Some of the more massive 
gypsum shows what Gee calls a " gneissic” and Murray Stuart a “ schistose ” 
structure. Middlemiss remarks that at every junction between the Salt Marl 
group and the Purple Sandstone, the layer of rock along the junction is brecciated^» 

The rest of the Saline group is made up of beds and masses of rock-salt, gyp¬ 
sum and subordinate dolomite. The greatest development of salt is at Khewra 
(Eheura) ; in the Mayo Mine of this area, intercalated in the upper part of the 
Bed Marl are five large beds of salt whose united thickness is not much less than 
400 feet, alternating with marl or kalar^ of much the same total thickness. Some 
of the individual beds of salt are here over 100 feet thick, but elsewhere they 
average about 20 feet. A very conservative estimate of the reserves of rock-salt in 
the Mayo Mine, within a distance of 300 feet to the dip, is of the order of four 
million tons, the equivalent of 67,387,000 cubic feet, but the ultimate total is likely 
to be far greater**. It is marketed without being refined. The salt is pinkish in 
colour and occurs usually near the. upper boundary of the Red Marl, just below 
the greatest development of gypsum. It frequently shows perfect lamination, 
and colour-bands from six inches to tw’O feet wide are not uncommon. Potash 
deposits, consisting of langbeinite (K^SOi. 2 MgS 04 ), sylvite(KCl) and kainite 
(KCl. MgS 04 . SHgO) are also found, usually interbedded between a seam of rock- 
salt and one of marl. Other occasional constituents are kieserite (MgS 04 . H*0) 
and glauberite (Na 2 S 04 . CaS 04 ). Epsom Salt (MgS 04 . 7H*0) commonly 

crystallises on the surface of the salt marl and hahr in the passages of the mines, 
a phenomenon which would seem to indicate that magnesium salts are of common 
occurrence in the deposit. 

Two seams of potash have been located in the Mayo Mine of Khewra, and one 
seam in the Nurpur mine^. Christie found the potash deposits comparatively con¬ 
stant in thickness and only gradually dying out. A similar conclusion was drawn 
by the author who found it possible to trace the potash-bearing salt in small 
anticlinal puckers several feet in amplitude. The principal potash-bearing band 
in the Mayo Mine, for instance, with an average thickness of six feet and a potash 
content of 6-8 to 9-6 per cent has been traced for some 850 feet along the strike 
and over 250 feet to the dip ; it may well be continuous with an eight foot seam, 
containing 7*7 per cent, of KjO and found 700 feet further along its strike®. In 
the Nurpur area, some of the material mined contains as much as 141 per cent, 
of potash, but the total quantity is small®. 


1 Cl. S. MiddlemisB. Etc,, XXIV, 31 (1891); Murray Stuart. i?ec. L. 77 (1919). 

2 The vernacular term ‘ 'halar"'* or Ykallar'* is u^ed for salt or for salt marl too impure to bo 
marketable. 

* Gen* Bep, Rec* LXV, 65 (1931). 

« Gen. Rep. Rec. XLT, 75 (1911) 

» Gen* Rep. Rec* XLIII, 21 (1913). 

• Oen* Rep*. Rec. XLVIII, 16 (1917). 

9 GSI/64 5 
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Yeiy often^ as pointed out by Christie,^ the potash and magnesiiim deposits 
which must have been the final and residual prMucts of evaporation, are ^ oyer^ 
lain by a layer of salt marl frequently containing kieserite but consisting chiefly 
of salt, with calcium sulphate, impalpable feiruginous clay and innumerable quartz 
grains of variable size and almost all highly angular ; such deposits seem to have 
afforded local protection from solution to the very soluble salts below when ^ a 
fresh influx of salt water invaded the salt lake. That the temperature at which 
the salt was deposited was at least as high as 25^0. locally is in<Ucated by the 
presence of anhydrite in some of the quartz crystals found in the Salt Marl. 
According to Van’t Hoff, the precipitation together of rock-salt, langbeinite, sylvite, 
kieserite and kainite is possible only when crystallisation from solution has taken 
place at about 80^0. At the Sambhar Salt Lake in the Bajputana desert, one of 
the hottest regions of the world, the maximum temperature during the hottest 
part of the year reached in the shallow hyara by the brine—^which, incidentally, 
contains no potash and only a trace of magnesia—^is only 39^G. It is unlikely 
that this temperature could have been exceeded in the case of the Salt Bange 
deposition, and Christie is inclined to deduce a subsequent depression to some 
considerable depth. His suggestion is that the salt deposits were laid down at 
normal surface temperatures and afterwards thermally metamorphosed to their 
present constitution by depression to a depth of something like 1,800 metres. 
During the process of depression, and in the presence of enclosed moisture, kainite 
would have been partly decomposed into sylvite, kieserite and water— 

KOI. MgS04. 3HtO= KC1+ MgS04. Ha0+2H40, 

giving an increase in volume of about nine per cent., while camallite and kieserite 
would react to form langbeinite :— 

3(MgS04. HaO)+2(KCU MgCl*. 6Ha0)==KaS04. 2MgS04-f3Mg01a-fl5 HgO. 

The disappearance of the magnesium chloride remains to be accounted for, 
but this salt is not entirely absent and is found in appreciable quantities in the 
overlying marl seams, and sometimes in fissures. 

In addition to the secondary gypsum intrinsic to the Salt Marl, extensive beds 
And masses of primary gypsum are found, usually higher than the salt, but some¬ 
times interstratified with the marl or with the salt ; scattered crystals of iron 
pyrites, and in several places crystals of bipyramidal quartz, occur in the gypsum. 
The gypsum itself carries a variable proportion of anhydrite, and the quartz 
orystals contain inclusions of anhydrite but none of gypsum. Contortion like 
that seen in the salt is common, and some of the masses have a fragmentary 
appearance as if broken or dissolved off from a parent mass. Brittle flags of 
dolomite are associated with the gypsum, and in or one two places contain numerous 
casts of hopper-shaped crystals of salt; at Khewra there is a foetid variety accom¬ 
panying the pocket of coaly bituminous shales, and occurring close to a trap rock. 

The gypsum and dolonxite foimd at the top of the series are irregular in occur¬ 
rence, but the former in some sections is seen in beds as much as 100 feet thick. 
The dolomites of these upper horizons are described as usually flaggy, pitted or 
honey-combed, and sometimes cherty ; associated with them are dolomitic shales. 
Some of the ^ggy dolomites are bituminous and pass locally into low-grade 


1 Qtn. Eep. JSeo. XUV, 260 (1914). 
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oil shales ; it was in shales .of this kind that markings which simulated fossil leaves 
were found. The upper bands of gypsum and dolomite also show breociation, 
contortion and foliation. 

The Ehewra Trap, mentioned above, varies from purple to geen and pur¬ 
plish grey in colour, and usually includes groups of numerous radiating ne^es 
•of lighter colour^. In all cases the rock, which occurs sporadically in the eastern 
section of the range, has been much altered and often decomposed into a grey 
or purplish mud enclosing hard fragments of altered trap. The rock has been 
described as dioritic, of intermediate composition, and associated with what 
sre said to be tuffs and ashes of paler colour, but it is impossible to deduce the 
original composition of this rock or to say whether it represents an intrusion, as 
Dr. Christie thinks probable, or a surface flow. Dr. Gee is more in favour of the 
latter view, basing his opinion on the constancy of the horizon of the rock over 
a distance of at least thirty miles. In thickness it varies from a few feet up to a 
maximum of about 20 feet but. Judging from the amount of decomposition pro¬ 
ducts in the Nila Wuhan (Nilawan) gorge, it may have attained an appreciably 
greater thickness. 

Gee divides the Saline series of the eastern half of the Salt Kange, where it 
reaches its greatest development, into the three stages listed above, the upper 
and middle of which show resemblances, now believed to be -fortuitous, to the beds 
mainly exposed in the Kohat salt region. Of the lower the base is not seen, but 
probably more than 500 feet are exposed consisting of marl, gypsum, bituminous 
shales and dolomite. The middle, where fully developed, comprises at least 750 
feet of red marl with thick seam of rocksalt but may be reduced locally to a very 
thin band of bright red marl, while the upper stage is composed of massive gypsum 
with flaggy dolomite and some bituminous shales, varying in thickness up to about 
200 feet*. Near Kussak, the Saline beds are exposed in two well-marked anti¬ 
clines, the axes of which are formed of the crushed lower stage. To the north 
of Khewra, the series is believed to be repeated by a fault. In the vicinity of 
Malot, large outcrops of rocksalt make their appearance within the lower stage. 
Below Malot and Dandot, the structure is greatly complicated by fold-faulting, 
overthrusting, incompeteUcy of the strata and subsidence®. In and around the 
Gandhala gorge, the strata are repeated by an overthrust, bringing the Salt Marl 
and Nummulitic limestone over the Nummulitic limestone and Siwaliks (Eamlials). 
The north-westward continuation of the faulted Nawabi Kas anticline results in 
the complicated outcrops of Salt Marl and Purple Sandstone among the Nummu¬ 
litic strata of the Kalar Kahar plateau^. Northwest of Nurpur, in the neighbour¬ 
hood of Vasnal, the Bed Marl is again exposed as a small inlier in the Nummulitic 
limestone, the structure being that of a sharp faulted, and sheared dome. 

The base of the Saline series is nowhere exposed, and no estinftte of its total 
thickness is possible. Wynne records 1,500 feet at Kussak Fort, assuming the 
stratification of the deposit to be parallel to that of the overlying rocks, but as 
there is good reason to believe that the Saline series has in most places yielded 
more to distortion than its less incompetent accompaniments, this figure may be 
an over-estimate of the thickness exposed in this locality. 

> E. B. Gee. Private oommunioatioo. 

* E. B. Gee. Current Sceince, 460 (June, 1934). 

® Gen. Hep. Bee., LXV, 115-117 (1931). 

^ See Note 2 on p. 670. 
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The association of the Saline series, especially the Red Marl, with others i» 
often complex. Although occurring normally beneath the Purple Sandstone^ 
it is sometimes found in juxtaposition with some of the newest rocks and, as Wynno 
remarks, ^‘continually makes its appearance among the stratigraphic wreck 
which it has itself produced”S There is abundant evidence to show that the Saline 
series includes among its members true sediments. 

Before leaving the subject of the Saline series, it will not be out of place to* 
record some of the arguments used from time to time in support of the theory 
that the series is of Tertiary and not of Cambrian or pre-Cambrian age. 

In the first place, both the Salt Range and the Potwar have more in common 
structurally and stratigraphically, with the Extra-peninsular mountain tracts 
than they have with the Peninsula. This is not perhaps a relationship of first 
class importance, but the fact remains that the Cambrian and pre-Cambrian in 
the neighbouring Extra-peninsular areas of Kashmir and Spiti are entirely un¬ 
accompanied by salt deposits ; the only Extra-peninsular salt deposits, thoso 
of Mandi, are usually accepted as Tertiary. The tight folding around Chharat-^ 
Khair-i-Murat is more typical of the Extra-peninsular folding west of the indus, 
and is a result of the Himalayan movement ; the gentler flexuring found between 
these steep structures and the Salt Range scarp was at one time explained as due 
to the easy riding of a nappi over the lubricant salt. It is explicable also on the 
assumption that the Himalayan compression has here been distributed over a> 
wider section ; in any case, the aggregate inclination of the beds in the Potwar 
is nogentler than it is in some of the Himalayan dims. The Salt Range itself 
is not without evidence of marked disturbance, inversion and thrusting. Further¬ 
more, the close geographical association of two salt deposits of supposedly immense 
difierence in age seems a remarkable though not impossible coincidence. This 
coincidence is enhanced by the fact that both salt deposits, carry indications of 
petroleum, a mineral known to be indigenous to the early Tertiary of northwest 
India. The effect of this double coincidence would be accumulative were it not 
that ])etroleum indications or almost invariably accompanied by the presence- 
of salt ; the conditions necessary to produce the deposition of rocksalt appear, 
in fact, to be those which favour the formation of petroleum from organic material. 

It has been suggested that the presence of oilshale intercalations within the 
Saline series especially when near the top of the formation, sufficiently unmeta¬ 
morphosed to yield volatile hydrocarbons in sufficient quantities to permit of their 
ignition, is opposed to the supposition of an immense low-angle thrust along the 
upper limit of the series, and that the volatiles would probably have been driven 
off by such a compressional disturbance and the original oilshale metamorphosed 
to petroleum-free carbonaceous shales or even to more highly altered graphitic 
shales. It might, however, be argued with equal cogency that such metamorphic 
changes would have been brought about by age, and that it is the survival from 
Cambrian or pre-Cambrian times of such fresh petroliferous shales that needs 
explanation 

Two or three additional arguments advanced by Mr. R. Van V. Anderson in 
support of a Tertiary age for the Saline series are : (i) the young appearance of 


iJf«m„XIV, 72 (1878). 

* Ahst* Proc. Oeol. 8oc. Land,, Nfo. 1442,7th June, 1948, p. 82. 
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the carbonaceous and other shales associated with the salt and jjypsum, as com¬ 
pared with the induration, moderate tliough it is, which has afTected the Pakeozoic 
■strata ot the range; (ii) the close lithological resemblance between the calcareous 
and siliceous shales of the Saline series and the fossihbearing shales of the Nummu- 
litic series; and (iii) the thrusting of what is claimed to be the Purple Sandstone 
•over Siwalik beds near Jalalpur^. 

At three localities carbonised plant fragments have been found in beds which 
were regarded as being m situ in the Saline series® ; the authenticity of these 
•occurrences has been questioned, but at one of the localities, the Kalra Wahan, 
some red clay, thought to occur indigenously within the red Salt Marl, yielded 
not only carbonised stem fragments but also several small leaves of apparently 
•dicotyledonous type®. The inference made was that the Saline series included 
both Ranikot (Palaaocene) and Laki (Lower Eocene) beds, a conclusion to which 
the frequently bituminous character of the deposits lent some support. 

Another of the arguments in favour of a Tertiary age for the Saline series was 
based on a section in the western end of the range. Four miles east of Daud 
Khel, it was claimed that the foraminiferal Eocene limestones (])rol)ably of Laki 
age) at the top of the local Eocene sequence along the northern dip slo]>es of the 
range, ]jass laterally into the upper of three Saline stages. This passage from 
the grey and white limestones of undoubted Eocene age into dark foetid limestone 
with subordinate gypsum, and the more rapid passage of* the latter ii\to massive 
gypsum some 300 feet thick, was said to take jdace clearly within a few yards 
either by metasomatic replacement or by ordinary lateral, change in the nature 
of the deposited sediments^. Above the limestones and the gypsum, the Lower 
Siwalik beds were said to succeed remlurly, whilst below the limestone-gypsum 
facies of this passage could be recognised the middle and lower portions of the 
normal Nummulitic ^^ecpiericc cropping out with equal regul iritv. About three 
quarters of a mile northwest of the end of these exposures, the massive gypsum 
is underlain by typical red marl wuth rocksalt, which, therefore, appears to take 
the place of the liglit grey shales and limestones of the middle portion of the 
Nunxmulitic sequence. The basal pari of the hitter, in the form of nodular, fora¬ 
miniferal limestones, is found adjacent to tlie gy])sum and salt marl and underlying 
them. The salt marl and gypsum are associated with the Talcliir Boulder Bed 
in the same way as th(iy arc in the neighhouring scarps. 

The impression, therefore, was that Palaeozoic and Mesozoic strata, of which 
R more or less rej)resentative geological record from Lower Cambrian to the base 
of the Eocene can be seen condensed within 1,000 feet of the Salt Range clifb 
had been thrust southwards over the saline beds. The first to ]mt forward the 
suggestion of such an overthruat seems to have been Dr. Noetling®. It was thought 
that deposits such as salt marl and gypsum would respond to a compressional 
force in much the same way as would a highly viscous liquid, the harder rocks 
riding undisturbed for the most part over these j)lastic and yielding materials. 


1 Bull. GeoL Soc. Vol. XXXVIII, 672 (1927). 
* Oen. Rep. Rec., LXVII, 22 (1933). 

» Oen. Rep. Rec., LXIX, 23 (1935). 

^ Oen. Rep. Rec., LXIX, 63 (1935). 

Oen, Rep. 1902-01, p. 26. 
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Evidence of such oveithiust Eecxr.ed to he present in the brecciation and slicken* 
siding noticed frequently in the Purple Sandstone near its junction with the 
gypsum. According to Mr. R. van V. Anderson, the lower 20 feet or so of the 
jSrrple Sandstone show signs of disturbance which increases progressively down¬ 
wards, the basal 50 to 100 feet being described as a zone of severe shattering ; 
the persistent character of tiie san^tone, in spite of its brecciation, was at the* 
same time admitted^. The superposition of the Purple Sandstone upon the Sah 
Mar] is, however, not invariable and the latter appears locally to have been over¬ 
ridden by higher members of the Salt Range sequence. Where the basal part 
of the supposed napfi or overthrust column is the Talchir Boulder Bed, such, 
signs of overthrusting were said to be still more noticeable ; numerous sections 
show that, throughout a thickness ranging up to about 20 feet above the junction, 
with the Saline beds, the stratification of the shaly matrix has been obliterated^^ 
while the majority of the boulders, consisting as they do of hard granite, gneiss^ 
quartzite, rhyolite, etc., have been crushed and sheared. Where the Boulder 
Bed rests on early Paleozoic or pre-Cambrian strata, as it does in the eastern 
and middle parts of the range, there is no evidence of such relative movement. 

The three or four inliers or ^‘oases*’ of bright red marl in the tract of Num- 
mulitic limestone of the plateau margin at .^nwan, Ealar Kahar, Vasnal and 
Ealabagh lie along lines of cross or oblique faulting and appeared to belong more 
likely to the supposed najp'pi than to the overridden sequence. It would, in fact,, 
have been strange if none of the Saline series had been carried along as part of the 
napfi, and it is easy to understand how readily such soft material might have been 
brought to the surface up some of the cross fractures which, it was supposed,, 
accompanied the thrust. The Salt Marl outcrops at Vasnal and northeast of Choa 
Saidan Shah are overlain by the Purple Sandstone*. 

The compositioir of the Talchir Boulder Bed also appeared to furnish negative^ 
evidence against the view that the Salt Marl was in existence in Upper Carboni¬ 
ferous times when the accumulation of the boulders took place. It had beeui 
generally noted that no trace of the Marl, a conspicuous and brightly coloured 
bed, could be found in the Boulder Bed, whether in the form of included frag¬ 
ments or as a coloration of the matrix ; it was at the same time admitted that 
neither did the Boulder Bed include fragments of the Purple Sandstone or of the* 
overlying beds which contain the Cambrian fossils and which must have been in 
existence at the time the Boulder Bed was deposited. Very recently, Dr. Gee* 
reports having found definite relics of the Salt Marl as well as of the dolomite beds 
in the Talchir Boulder Bed ; this will be referred to later. 

A second argument of a still more negative character than the last is based, 
upon the. condition of certain fragments of dolomite included in the Salt MarL 
These fragments are pitted, corroded and honey-combed and, in a section of the. 


1 Bull Geol 8oe. Afner., Vol, XXXVIII. 671 (1927). 

s Gee states that the Salt Marl outcrops of Vasnal are associated with the Purple Sandstone* 
and other Pa)«ozoio beds, though the structure is faulted. He reports that the Ainwan ex«^ 
posures underlie Talchir conglomerates, and that the Salt Marl at Kalar Kahar has been ‘in. 
truded ’ upwards along a fault and is now bounded on the one side by Eocene and on the* 
other by Siwalik deposits. The Saline series of Ealabagh occurs in an area of very complicated 
t ectonics and he regards the occurrence as an irregular dome in which considerable movement 
of the Tock-salt has occurred. In all these oases, he considers that the marl and rock-salt are* 
homotaxial with that of the Salt Range scarp and Lower Cambrian or pre-Cambrian in age.. 
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Siiakka (Eawadh) gorge, are described as showing an ultimate passage into the 
red marl. Two miles noith of Bari Eheh where the Salt Marl is immediately 
overlain by the Talchir glacial Boulder Bed, the former contains numerous large 
of a hard, compact dolomite, whose peripheral poitions are also pitted 
or honey-combed, the cavities being filled with gypsum, and only the central 
portions remaining unaltered. It might be expected, therefore, that were the 
Salt Marl and its dolomite contents older than the Boulder Bed, some of the 
numerous dolomite pebbles in the latter would show traces of pitting or corrosion. 
That none of them ^s been cited in support of the conclusion that the corro¬ 
sion of the dolomite in the Marl was of later date than the deposition of the Boulder 
Bed. In estimating the precise value of this piece of evidence, it must be re« 
membered, firstly , that the corrosion of the dolomite in the Marl, if it were effect¬ 
ed by meteoric waters after the accumulation of the Boulder Bed, does not neces¬ 
sarily mean that the deposition of the Salt Marl and its included dolomite waa 
also subsequent to that of the Boulder Bed ; secondly, that some of the dolo¬ 
mite pebbles in the Boulder Bed may have been derived from the Magnesian 
Sandstone, a deposit of early Palasozoic age ; and lastly, that on account of the 
jtiast-liquid character of the salt and Salt Marl, any harder inclusions therein 
are necessarily suspect, and may have broken off from any adjacent bed and 
become involved in the plastic marl or salt as a kind of autoclastic xenolith^. 

Becently from thin parallel bands of Salt Marl interstratjfied apparently with 
the salt at Ehewra, Professor B. Sahni and Mr. B. S. Trivedi have obtained numer¬ 
ous fragments of angiospermous wood, some gymnosperm tracheids with large 
round bordered pits, and at least one well-preserved, winged six-legged insect 
with compound eyes ; if the indigenous character of the marl bands and their 
contents be accepted, their age and that of the accompanying salt could not be 
as old as Cambrian or pre-Cambrian*. The contamination of the marl bands 
with these vegetable fragments is described as not of a casual kind, and the latter 
have been found in samples of oil shale and dolomite belonging to the Saline series. 
At the same time, the organic fragments are all minute and indistinguishable from 
modern vegetable refuse, and to what extent they could be introduced into and 
ancient formation by percolating waters remains for further work to decide. Dr. 
Gee notes that even the shales and dolomites may have been impregnated in this 
way, for it is difficult to obtain even small specimens of these rocks which on being 
hammeied, do not fracture along an obscure cleavage, on the joint-planes of which 
extraneous matter, evidently introduced by percolating solutions, can be observed. 
Check observations on similar rock material of unquestionable Palaeozoic age may 
do much to clear up this point. 

Such are some of the considerations which have caused a certain amount of 
dissatisfaction with the original conclusions of Wynne. During the final stage 
of his resurvey, however. Dr. Gee discovered sections which leave no doubt in ^ 
mind as to the Cambrian or pre-Cambrian age of the Saline series. On the southern 
slopes of the Sakesar ridge, in the middle-western pait of the range, he reports 

> As an e;cample of the plasticity of these deposits may be mentioned the discovery of what 
was at first reported to be a piece of fossil wood in the salt of one of the mines; on careful 
examination this was shown to be an old mine prop which had become engulfed in the^Balt. 

* Abst. Joint Meeting, Ind. Acad. Set. df Nai. Acad. Set., at Hyderabad, December,194S. 
pp. 26-26 ; see also : ‘‘Nature*’, Vol. 163, April 16, p. 462 (1944); and Proe. Nat. Acad. Set. 
Ind., Vol. XIV, Sec. B; pp. i-xxvii and 49-66 (1944). 
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definite evidence of a normal stratigraphical though unconfoimable junction 
between the batal Talchirs and the underlying Saline series. Here the Saline 
aeries comprises the three stages mentioned above--a lower gypsum-dolomite 
atage, a relatively thin middle stage of red salt marl with very occasional beds 
■of rocksalt, and a top stage of dolomite "with some gypsum. The Talchirs include 
thick, dark-coloured tillites, often of a dull purple colour near the base. These 
argillaceous tillites contain numerous pebbles and boulders of granite, quartzite 
and other rocks including dolomite. In places, they rest on the top dolomite 
atage of the Saline series, but laterally they transgress on to the red salt marl. 
In one locality, boulders of the basal Talchirs appear to have become embedded 
in the uneven surface of the dolomite. The boulders here show no sign of shear¬ 
ing, and the contact appears to be a sedimentary one. At an adjoining locality, 
the dolomite, here reduced to a thickness of a few feet, can be seen capped by 
undisturbed Talchirs whose basal bed is composed largely of angular and sub- 
angular fragments of dolomite derived apparently from the top stage of the Saline 
series of the vicinity. Where the Talchirs transgress on to the red salt marl, 
excavation of the junction showed that, w^hile shearing had occurred in some cases, 
in others the contact was a normal sedimentary one, the basal purplish Talchir 
beds containing fragments of red shaly marl and som.e pebbles of grey dolomite 
and very occasionally of gypsum. In the more northwesterly pait of the range. 
Gee found decided evidence of shearing in numerous cases along this junction^ 

In support of the older age of the salt and Salt Marl, the following arguments 
have been urged at one time or another : (i) the constancy with which the ])urple 
Sandstone overlies the Saline series ; (ii) the absence of Ntmmnlitcs in beds belong¬ 
ing to the Saline sequence ; (iii) the apparently undisturbed state of so much of 
the Salt Range column of deposits ; (iv) the presence among the fossiliferous 
Cambrian beds of a salt-pseudomorph zone, proving that salt-forming conditions 
existed during the period ; (v) the difference in tint between the reddish salt of 
the Salt Range and the grey salt of Kohat; and (vi) the Cambrian age now claimed 
for the Hormuz salt-bearing series of southwestern Persia. With regard to (v) 
both grey and red salt are present at Nandrakka, a locality intermediate in geogra¬ 
phical position between the Kohat and Punjab salt regions. Red salt, though 
exceedingly rare, is not entirely absent in the Kohat region®. No seams of potash 
salt occur in the Kohat region, but potash and magnesium have been detected 
in the water dripping from the salt at Nandrakka and at Kalabagh. The absence of 
Nummulites and other forms of animal life from the Saline formation can scarcely 
be attributable to the salinity of the waters, unless this salinity was in excess of 
that which prevailed during the Kohat deposition in which Nummulites and molluscs 
managed to exist. The age of the Hormuz formation was at first thought by Dr. 
Pilgrim, who originated the term, to be “Upper Cretaceous or Lower Eocene***! 
Later on he expressed the opinion that the whole series might be Jurassic with 
the chance that the basal rocksalt stage might be Triassic and the purple sand¬ 
stones and volcanic beds at the top Lower Cretaceous*. The general consensus 
of opinion among the Anglo-Iranian Oil Company*s geological staff is that the 

^ Private oommunication. 

s Murray Stuart. Esc, L, 29 (1919). 

« Am., XXXIV, Ft. 4.7 (1908). 

« XLVni, Ft, 2,19.24 (1926). 


Chap. XV.] cahbrtan and pos/sible equivalents 673 

Hormuz series, where it is a definite sequence and not a chance assemblage of 
jumbled fragments, is of Cambrian age ; many of the Persian salt plugs would be 
•difficult to explain on any other supposition. 

Gee finds that the Salt Marl outcrops of Vasnal are associated with the Purple 
Sandstone and other Plaoozoic beds, though the structure is faulted. He reports 
that the Ainwan exposures underlie Talchir conglomerates, and that the Salt 
Marl at Kalar Kahar has been “ intruded ” upwards along a fault and is now 
bounded on one side by Eocene and on the other by Siwalik depo.sits. The Saline 
series of Kalabagh occurs in an area of very complicated tectonics and the occur¬ 
rence is regarded as an irregular dome in which considerable upward movement 
of the rock salt has taken place. In all these cases. Gee considers that the marl 
and rocksalt are homotaxial with that of the Salt Range scarp, and Lower 
Cambrian or pie-Cambrian in agc^. 

Jhelum series. —With two interesting exceptions, exposures of the Jhelum 
series are confined to the eastern part of the range ; overlain by younger beds, 
the various stages of this formation thin out successively in a westw’ard direction 
by denudation, one after the other becoming the uppermost present. The un¬ 
conformity, as noticed by Gee, is not quite of the regularly graduated nature it 
was at first supposed to be, but in a general Avay there is a transgression west¬ 
wards of the Upper Carboniferous Boulder Bed on to olderand older stages of the 
Jhelum series, in .spite of interruptions in at least two places*. To the west of 
the Sardahi (8ardi) gorge, for instance, the Magnesian Sandstone diminishes in 
thickness and eventually dies out near the Jsila Wahan ravine*. A dozen mile 
further w est, it is the turn of the Ncobolus Shales to disappear, which they do in 
the vicinity of Katha, bringing the overlying Talchir Boulder Bed into direct 
contact with the Purple Sandstone. The Purple Sandstone is repeated by over- 
thrusting at vairous places along the range ; sucli repetition can be seen, for 
example, in the exit of the Dilliw ali gorge noith of Nali, and again to the north 
of Kund and Sikriala, This sandstone is absent in many sections, especially 
betw'een Warclia and Chhidru ; in the western end of the range, the Upper Car¬ 
boniferous Boulder Bed overlies tlie Saline series. Gee also found in several 
of the gorges evidence of similar transgression tow'ards the north. The axial 
beds of the Mount Chel monocline comprise the upper part of the Purple Sand¬ 
stone and the Neobolus Shales, affected by small cross-faults*. 

The break between the Purple Sandstone and the Neobolus Shales, though 
unaccompanied by any visible discordance, is described by Gee as clean and well 
defined. The boundaries betwreen the other stages are in most places clearly 
distinguishable, except in the middle portions of the range where the Magnesian 
Sandstone beds are less massive and appear to pass down into the Neobolus Shales; 
a similar transition between these two stages is seen in the inliers of Chittidil and 
Chhidru, in the west. 


r An alternative suggestion has been made that the Ainwan ** Oasis ’’ is made up of Lower 
'Ohharat (Middle Eooene) strata, and that the inliers at Kalar Kahar, Mari, Knlabagh, and to 
Ahe north of ICalabagh, may also belong to the Eocene sequence of Kohat. 

* Rtc„ LXVIll, 116 (1934). 

* Qtn. Hep. Hec., LXVI, 116 (1932). 

* Qtn. lUp. Rte., LXllI, 132.138 (1930). 
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The later beds of the Jhelum series were laid down under conditions of aridity 
which are especially indicated by the Salt Pseudomorph beds. A shallow sea ia 
to be visualised, with deeper-water conditions during the Neobolus Shale epoch; 
the Baghanwala stage or ‘'Salt Pseudomorph Zone ** was deposited probably in a. 
very limited estuarine basin. 

Isolated occumncM at Chittidil and Chhidm; —As already noticed, 
the Jhelum succession is largely absent in the western parts of the Salt Bange^ 
but there are two important local developments of such rocks. One of them ia 
at Chittidil, on the western bank of the Dhodha Wabhan near its exit south of the 
Sakesar ridge. Here the Puiple Sandstone is piesent in force and is succeeded by 
over 100 feet of grey and purplish shales and dolomitic sandstones, which appear 
to represent the Neobolus Shales and Magnesian Sandstone ; above the later 
is a thick sequence of the Salt Pseudomorph beds. The other locality is the 
ij^ansaman gorge near Chhidru, further west. Here the Talchir Boulder Bed 
lies with marked unconformity upon the following sequence in descending order : 
145 feet of the Salt Pseudomorph beds ; 85 to 99 feet of Magnesian Sandstone 
beds ; 105 feet of the Neobolus Shales ; and about 350 feet of the Purple Sand¬ 
stone series. 

The Purple Sandstone. —The Purple Sandstone, though very regular and 
constant in the eastern part of the escarpment, where it generally forms the first 
oUff rising out of the talus and broken ground, varies in thickness from 200 to 450 
feet, and has been identified as far west as Chhidru but not beyond in the cis- 
Indus range ; on the other side of the river, a local occurience is recorded by Gee 
near Saiduwali, at the foot of the Eingriali scaip of the Ehasor hills, south of the 
Eurram river. In the eastern portion of the cis-Indus range, it is exposed in the 
Diljaba and Earangal ridges, as well as in the inliers of Vasnal, at distances of 
about 16 and 12 miles respectively from the base of the scaip ; when traced west¬ 
wards in the latter, it becomes thinner and thinner and in some sections reduced 
to 20 or 30 feet of maroon shales and flags separating the Saline series from the 
Takhirs. 

The Purple Sandstone is a deposit of marked uniformity in aspect and tex¬ 
ture^. It consists invariably of a basal 20 or 100 feet of maroon shales with bands 
of fine, even grained flagstones, passing up into more massive, maroon or occasion¬ 
ally buff-coloured, jointed sandstones with thin bands of clay. The maximum 
thickness of this upper portion is about 300 feet, and the colour of its sandstones 
becomes paler towards the top. The basal earthy beds, which in the great 
majority of sections are found immediately overlying the Saline series, appeared 
to Wynne to be a transition between the latter and the harder sandstones above, 
these harder sandstones are described as being of a hardness “considerably less 
than that which is usual in Palasozoic rocks”. Both carbonate of lime and carbon¬ 
ate of magnesia are present in the sandstones, which are regularly bedded, usually 
fine-grained and often exhibit excellent ripple-marks. Irregular “fucoid 
impressions are observable among the lower flags but may be of inorganic rather 
than organic origin. There are points of resemblance of which the presence of 
ripple-marks is one, between the Purple Sandstone and sandstones of the Upper 


i A. B. Wynne, Jfem., XIV, 84-87 (1878). 
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Vindhyan sucli as the Eaimur and Bhander^; it is quite possible that the Purple 
Sandstone belongs rather to the preceding chapter than to this. On the south¬ 
east slopes of the Jogi Tilla ridge, there is hi the middle of the Purple Sandstone 
series a local development of grit and conglomerate, the angular or moderately- 
rounded pebbles of the latter consisting of grey and red quartzite and limestone^ 
with included pieces of dark red shale and standstone resembling the subjacent 
fl*^ggy beds*. 

The Purple Sandstone has been described by one observer as passing up 
gradually into the overlying Eussak stage, but as the latter is stated in the same 
paper to be “always well and sharply defined*’, there is considerable doubt about 
the passage*. Most observers refer to the Eussak stage as lying abruptly upon 
the Purple Sandstone, though usually with the appearance of confoimity, and 
Gee dei^ribes the Neobolus Shales as very distinct in lithology from the Purple 
Sandstone. The rest of the sequence, from Neobolus Shales up to the Salt Pseudo- 
morph beds, is conformable. In the east, the three upper stages can be distin¬ 
guished by lithological characters alone, but in the Dhodha Wahan and Chhidru 
areas this distinction is less marked and the succession appears to be one of conti¬ 
nuous sedimentation, a deduction borne out by fossil evidence*. 

Eussak Stage. —The Eussak (Ehusak) stage or Neobolus Shales stage occurs 
in the same regular manner in the eastern Salt Range, and consists of dark shales 
associated with sandy and calcareous beds, the thickness varying usually from 120' 
to 160 feet, though sometimes exceeding the latter figure. Here they form a 
prominent, easily recognised band on an inclined terrace between cliffs of the 
massive Purple Sandstone and cliffs of the Magnesian Sandstone. The base is 
nearly always a pebble-bed, while the topmost horizons appear to pass up gradually 
into the Magnesian Sandstone stage. In the vicinity of Eatha, the Eussak stage is 
reduced to 30 feet of purplish>grey shales and thin sandstones with a basal pebble- 
bed like that in the east ; a few miles further west, the main outcrop dies out 
but recurrences are seen locally at Chittidil, S. S. W. of Sakeswar and near Chhidru.. 
In the east, the Neobolus Shales also occur in the Earangal and Diljaba ridges- 
but not at Vasnal where the Talchirs rest directly upon the Purple Sandstone. 
The Eussak stage is of extreme interest on account of its contained fossils. 

The bottom bed of the Eussaks, foiming a very regular and characteristic 
horizon, is a distinctive grit and conglomerate not more than a foot thick. The 
conglomerate consists of a niatrix of well rounded, medium to coarse, sand grains 
of yellowish brown colour, in which are embedded rounded pebbles of white and 

1J. B. Audon. Afent., LXII, 247 (1933). 

* E. B. Qee. Private oommunioation. 

» F. Noetling. Bee., XXVII, 76 (1894). 

* E. R. Gee. Bee., LXVIII, 119-120 (1934). The close relationship between the Purple Sand¬ 
stone and the Saline series induced the author to suggest that the two formed part of the same 
Tertiary sequanoe. This suggestion appeared to derive support from the soft and friable nature 
of many of the registered specimens of the Purple Sandstone which are indistinguishable from 
oharaoteristio Eocene beds ; it is, however, probable that there has in the past been some con. 
fusion, in collecting from complicated structures, between true Tertiary silts and a much older 
Purple Sandstone. Dr. Qee failed to find any evidence of a thrust-plane separating the tnie 
Purple Sandstone from the overlying Neobolus Shales, and speaks of the junction as being, 
extremely regular throughout the scarp. The Purple Sandstone had been noticed underlying* 
as well as overlying the Marl, and the latter had been described as in places passing up into the 
sandstone ; the two deposits had also been recorded as intorbedded with each other in two or 
three places. 
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yellow quartzite and smooth, flat, oval, pebbles, the largest of them several inches 
in diameter, of dark grey-green and black slate and dark semi-quartzite. Above 
come sandy micaceous shales and soft, micaceous, glauconitic sandstones of gtey 
or grey-green colour, including near the base several thin bands of purple sand¬ 
stone. Higher up, the sandstones and sandy shales, with annelid casts, become 
prominent and include two or three bands of dark purple-grey clay shales, each 
several feet thick ; it is from beds of this type that the Kussak fossils come. In 
this upper half of the stage are bands of flaggy, light grey sandstone which is 
calcareous, often dolomitic, and sometimes glauconitic. These bands are hard 
And jointed and closely resemble certain of the Magnesian Sandstone beds ; they 
form a kind of passage into the latter, and there is no break in sedimentation. 

Fossils are said to have come from two horizons, one near the base from a 
shale band containing Neoholus, the brachioj^od which has given its name to the 
«tage, and the other close to the top, immediately below the Magnesian Sand- 
.stone. From the lower horizon come^: 

Annelid trackn; 

Hyolithes sp.^; 

Neobolua warthi Waag. (abundant ); 

Discinolepia grannlata Waag.; 

Schizopholis rugoaa Waag.; 

Tjingulella khurensia Waag.^ • 

From the upper horizon the following have been identified: 

Annelid tracks; 

Hyol like a toynne t Wa a g. ; 

Ptychoparia warthi (Waag.)*; 

Wynnia warthi Wale.® ; 

Redlichia ncatliihgi, var, angulaia (Redlich)* ; 

,, ,, var./ato (Redlich); 

LinguUlla wanniecki Rcdlich’ ; 

,, /wcA«i Rcdlich ; 

Acrothele{Redli'cheUa) gramlota (Linnaisson)® ; 

Botafordia granulata (Rodlich)®. 

Jutana Stage.— The Kussak stage is succeeded by the Jutana dolomites or 
Magnesian Sandstone stage. Tlie lower parts of this consist of cream-coloured or 
white, massive, sandy dolomite with intercalated beds of clay, and are character¬ 
ised by the cryptic Pseudotheca waageni Redlich—formerly described as Stem- 
theca rugosa Wal., var aspera Wale.— and Ptychoparia richteri Redlich : these 
beds pass up into hard clay with Lingulellafuchsi and possibly L. wanniechi^^, 

1W. Waagen,JPal./nd.,Sor.XIII, Vol. IV (1889-1891); Redlich. /6/d., New Ser., 
Vol. I, Mem. 1 (1899). 

* Waagen’s Neobolua wynnei, Lakhtnina linguloidea, and L, aquama, were all found by 
Walcott to be specifioally indistinguishable from Neobolua warthi. The same observer hag 
idiown that Waagen’s “Z»/wgrw/a uarM^’is in reality but the ventral valve oiLinguUlla khurenaisi 

* Formerly ‘ ^Lingula khurenaia' ’ • 

* In Korea and Southern Manchuria the zone of Ptychoparia occurs above the four Red^ 
•lichia zones. 

® Formerly “ Orthia warthi ”; see C. B. Walcott. U, 8, Oeol,, Surv, Monogr,, LI, 771 (1912). 

* Formerly referred to as Hoejeria noetlingi ; see C. B. Walcott. Proc, U, 8, Nat, Mua,^ 
^XIX, 24 (1905). R, noetlingi is closely related to and not easily distinguishable from 
B, chintnaia Wale., R, nobilia Wale, and R, finalia Wale. 

’ Identified by C. B. Walcott. 

* Waagen’g * * OrBiia warthi * *; see C. B. Walcott. U; 8, Oeol, 8urv, Monogr, LI, 771 (1912), 

* Called by K. Redlich, granulata (Pal, Ind,, Now Ser., Vol. 1 Mem, No. 1 (1890); 

«ee C.B. Walcott, V, 8, Gaol, Surv. Monogr., LI,605 (1912). 

" C. B. Walcott. U. 8. Oeol.. Surv. Monogr., LI, 502 (1912). 
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Associated with the dolomites of the lower part of the stage are beds of light- 
coloured, fine-grained, calcareous sandstone and occasional pisolitic or flaggy* 
bands ; some of the latter are covered with so-called **fucoid’’ markings^, and 
are separated from each other by greenish or dark-coloured shales. Higher up^ 
the massive dolomites include breccia ted types, the matrix and fragments consisting 
of much the same rock. The magnesian sandstones, which are well jointed, pro¬ 
vide a building stone of good quality much used for that purpose as well as for 
ballast. 

The Jutana stage is well developed in the eastern part of the Salt Range, 
where the thick beds of sandy dolomite resist disintegration and give rise to lofty 
bold cliffs. It is exposed in the Earangal, Diljaba, Chambal and Jogi Tilla ridges 
as well as in the Mount C'hel area. Its maximum thickness in the eastern half 
of the range is over 300 feet, but it dies out earlier than the underlying Kussak 
stage when traced westwards, its consj)icuous scarp disappearing at the same time* 
In the eastern i)aTt of the range, it is succeeded by the Salt Pseudomorph stage 
except in the Chambal ridge where it is overlain by Miocene beds. West of Khewra, 
it is overlain unconformably by Talchir conglomerates, and iur the western slopes 
of the Nila Wahun ravine it dies out. In these westerly outcrops and in the 
isolated occurrences of (>hittidil and Chhidru, the dolomitic sandstones are less 
massive, and bands of softer sandstone and sandy shale become more prominent 
and contain a few inclusions of gy])suni*. From the vicinity of ('hittidil, Pro¬ 
fessor W. B. R. King has determined two new species of Plychoparia — P. sake- 
sarensis and P, geei, a new form of trilobite— Chittidilla plana, as well as Lin- 
gulella wannieejei Redl. and Botsfordia (Mobergia) granulata (Redl.)®. 

Baghanwala Stage. —Closely connected with and succeeding the above is 
the Baghanwala stage, often referred to as the “Salt Pseudomorjh zone ” con¬ 
sisting of shales or clays with intercalations of thin-bedded flaggy sandstone. 
The flags, which are prominent in the lower half of the stage, are pinkish grey or 
less frequently blue-green, often perfectly ripple-marked and sometimes sun- 
cracked. The. shales are characterised by their blood-red colour and by the 
numerous pseudomor])h casts of salt crystals which cover the bedding surfaces. 
These casts are found indenting the lower surface of the separate flags, and there 
can be no doubt that they are the result of the crystallisation of salt by the evapora¬ 
tion of salt water and the subsequent covering of the crystals by fresh sediment 
which, adapting itself to their angularities, preserved their form in the casts now 
seen. As might be. expected, these beds are unfossiliferous the only jossible 
organic remains found being obscure “fucoid” impressions and worm tracks. 
Although the thickness may be locally considerable, the extent of this stage is 
very limited, its variations being due to pre-Talchir erosion rather than to 
actual differences in the amount of deposition. 

East of Baghanwala as far as Jalalpur, the Magnesian Sandstone, instead of 
the Nummulitic Limestone, caps the scarp, and the Salt Pseudomorph beds crop 
out along the uppermost dij) slopes. The latter beds are absent in the Chambal! 
ridge but recur in the Jogi IMlla area and are present as a thin zone further west 


1 A. B. Wynne, Mem. XIV, 88 (1878) ; E. Vredenburg. Rcc., XXXVI,250 (1908). 
i E. B- ! Private communication. 

» Bee. .LXXV, Prof, paper 9, 10-14 (1940). 
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in the Diljaba and Karangal ridges and Mount Chel. To the northeast of Baghan- 
wala, the thichness reaches a maximum of 300 or possibly 350 feet, and a similar 
thiclmess is seen northeast of Rhewra ; in the Khewra gorge, however, the beds, 
are in places reduced to 60 feet or are entirely absent. The main outcrop dies 
out a few miles west of Makrach, but there are two important local recurren¬ 
ces at Chittidil and Chhidru; in the former some 330 feet of the beds are present, in 
the latter the thickness is much less. In the east, there is a rapid passage upwards 
from the Magnesian Sandstone stage into the Salt Pseudomorph beds ; between 
the latter and the superjacent Upper Carboniferous Boulder Bed (“ Olive series”) 
is a marked unconformity which, however, is not always apparent in local sec¬ 
tions, but which is well seen on the Khewra-Pidh road. 

Faunal Relationships. —With regard to the fauna of the Salt Range Cam¬ 
brian, the first thing to be remarked is that, without exception all species, at the 
time of their discovery, were new and had not been up till then found elsewhere 
in the world. The genus, Redlichia^ was at first described as Olenellus, of which 
it is a direct descendant, and from which it is distinguished by the presence of a 
well-developed facial suture and by the distinct separation of the eyes from the 
glabella. The Redlichia fanua has since been discovered in several parts of southern 
and eastern Asia^, including, besides the Salt Range and the Himalaya, Mesopota¬ 
mia, southwest and central Persia, Yunnan, Shan-tung, Shan-si, Chih-li, north Korea 
and south Manchuria ; it has also been found in western and southern Australia. 
‘Opinions vary as to the correct stratigraphical position of this fauna, some observers 
referring it to the base of the Middle and others to the top of the Lower Cambrian. 
The Lower Cambrian genus, Protolmus, and the Middle Cambrian genera, Para- 
doxideSj Metatoxides and ZqcantJmdeSy stand very close to Redlichia, and the latter 
may be looked upon as an interesting link between the Lower Cambrian Meson- 
acidae (Olenellidae) and the Middle Cambrian Paradoxides. The so-called Olenellm 
gilberti Walcott from the Lower Cambrian of North America is very close to the 
genus Redlichia, but has more the appearance of a transitional form between 
Olenellue and Redlichia, Beds with Protolenus have been found by Saito below 
and beds with Plychoparia above, the Redlichia Shales of north Korea^, while in 
Persia, Redlichia chinensis, a form difficulty distinguishable from P. noetlingi 
is associated with some of the Chinese Middle Cambrian trilobites. It is true that 
most observers have placed the Redlichia fauna at the top of the Lower Cambrian 
and this is where Saito tentatively places the Redlichia horizons of Korea but, 
as Professor W. B. R. King observes®, they occur above the Protolenus horizon and 
are separated therefrom by a quartzite bed over 80 feet thick. They would appear 
to fit as well, if not better, therefore, into the base of the Middle Cambrian. 
Redlichia chinensis is the lowest of the four Redlichia zones of north Korea and 
.south Manchuria^. 

With regard to the other members of the Salt Range fauna, the neares tally to 
PtychoptmaricUeri is the Canadian P^. Knwamom Broeg., var. aiato. Ptycho- 
paria warthi (formerly Conocephalites warthi ”) has a very close resemblance to 
Sohnopleura cristata Linn, from the Paradoxides Beds of Sweden. Regarding the 

1 W. B. B. King. Qeol. Mag , LXVH, 316-326 (1930). ~~ 

* Jap. Journ, Oeol, is Oeogr,, X, 145 (1933). 

• Pal. Ind., New Ser., VoL XXII, Mem. No. 5, 5 (1937). 

K. Saito, Jap. Journ. Qeol. is Qeogr., XI, 211-285 (1934). 
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trilobite fragment originally termed 'Vlenus indicus'\ there is grave doubt as 
to its generic identity, a well as to the horizon and locality from which it was 
■obtained ; its occurrence would be surprising since this genus in the western 
American life province, to which the Punjab beds would appear to belong, is 
•entirely replaced by Dicelhcephalus^. In the same beds was collected the sup¬ 
posed second species of Hyolithes known as Hyolithes kussakensis Waag. In the 
black shales of the Redlichia zone, the brachiopods, Hyolithes wynnei and lAn* 
guUlla wannieckiy occur in extaordinary profusion. Botsfordia is a genus of 
brachiopods intermediate in character between OboUlla and Acrothele ; a species 
comparable with Botsfordia granulata is found in the Upper Redlichia Shales 
(Lower Cambrian) and the Ptychoparia Beds (Middle Cambrian) of northwest 
Korea. Acrothele granulata, identified by Walcott, is described as very similar 
to A. rara Wale, from the Middle Cambrian of Shan-tung, China, and as inter¬ 
mediate in character between A. cornacea Linn, and Botsfordia granulata (Redl.)*, 
Lingulella fuchsi may be identical with the Lingulella sp. described by Linnarsson 
from the Paradoxides Beds of the Swedish Cambrian. Pseudotheca waageni was 
originally described as Stenotheca rugosa, var. aspera, but since the organism con¬ 
sists apparently of two valves often united to each other, it must be referred to 
some other class of the animal kingdom, possibly to the hingeless Lamelli- 
branchiata ; its resemblance to the peculiar mollusc Stenotheca Salter, from the 
Lower Cambrian rocks of America, is, however, not to be denied. Another feature 
of the Salt Range fauna is the abundance of individuals and the paucity of genera 
And species.** 

TRANS-INDUS CONTINUATION OF THE SALT RANGE. 

On the other side of the Indus, the Saline series is well represented at Kala- 
bagh, and the Jhelum series is to be seen near the southwestern end of the Khasor 
hills. 

The little town of Ealabagh, much of which is built of pink marl, is situated on 
the Indus at the southern end of a N. N. W.—8. S. E. ridge rising in places 2,000 
feet above the river level. The rock outcrops, which are obviously continuous 
with those on the opposite bank of the Indus immediately west of Mari, show 
great complexity, contortion and repetition by faulting. The Saline series, pro¬ 
bably several hundred feet in thickness, crops out in a horse-shoe around the base 
of the end of the ridge and is the lowest formation exposed. Its lowest limit is 
not seen. Its upper limit is a surface of great discordance—probably a thrust- 
plane—the folded rocks immediately above varying from Permian limestone 
to Triassic, Jurrassic or Tertiary. The Saline series of this locality includes beds 
of salt and red salt marl, irregular bands of white gypsum dark purple or grey 
shales or hard clays, dark or light flaggy dolomite bands, and a granular quartz- 
itic grit. The salt, found mostly on the eastern and southern sides of the spur, 
occurs in seams from four to twenty feet thick, and is worked in open quarries 
or small drifts ; the mineral is frequently found in beautiful transparent cubes 
measuring several inches along the side. Host of the salt is white or pinkish 
but grey bands also occur, especially in what are believed to be the higher 

1 Professor W. B. B. King is of ojpinion that this supposed **Olenu8 " is allied to 
sedderia or some similar Middle Cambrian genus (Private oommunlcation). 

* See C. D. Walcott. Researches in China, III, Cambrian Fauna, 76 (1913) 

* The identification of an incongruous Fenestdla was a mistake. 
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horizons^ The Purple Sandstone and other members of the Jhelum series are 
all absent from the Ealabagh area. Eight or nine miles up the Lunai, a small 
stream which enters the Indus a couple of miles to the east of Ealabagh. there is- 
another smaller isolated exposure of salt and red marl surrouned by Upper Tertiary 
beds. 

In the southwestern end of the Ehasor range, at the base of the Eingriali 
scarp near Saiduwali, is an isolated but important exposure of the Jhelum series.- 
Here the base of the succession is hidden beneath the alluvium of the adjoining 
plains. The Purple Sandstone of this locality, of which nearly 270 feet are exposed,, 
is of a slightly deeper purple than usual, but its identity is corroborated by the 
character of its heavy mineral content. The Neobolus Shales are here more* 
arenaceous and dolomitic, and show a less defined junction with the underlying 
Purple Sandstone than they do in the Salt Eange. They possess the same heavy 
mineral assemblage as the cis-Indus equivalents, and consist of grey-green sand¬ 
stones, shaly sandstones and sandy shales, the last with some bands of maroon 
sandstone ; towards the top occur thin intercalations of gypsum. The white or 
light grey, brown-weathering dolomites and dolomitic sandstones of the Magnesian 
Sandstone stage are described by Gee as less massive and as including some thin 
bands of gypsum. The boundary between the presumed Neobolus Shales and 
Magnesian Sandstone beds is a purely arbitrary one, and the two stages attain 
a combined thickness of 250 feet. Succeeding them is a gypsum-dolomite group,, 
some 400 feet thick. It is presumed to be the equivalent of the Salt Pseudomorph 
stage, though lithologically dissimilar, and consists in the lower part of massive 
white or light grey, sometimes pink, gypsum with bands of hard, fine-textured, 
often vesicular, grey dolomite, and black bituminous shales and flaggy dolomite 
with minor bands of purple and grey-green fragmentry shale ; the upper part of 
the stage includes a greater proportion of dark grey, flaggy dolomite, often 
smelling strongly of bitumen, and alternating with white or grey gypsum and 
some light greenish-grey shales’*. Some of the thickly-bedded gypsum is black, 
and bituminous ; other layers contain bipyramidal crystals of quartz. As Mr. Gee 
remarks, the thin bands of gypsum in the Magnesian Sandstone and basal Salt 
Pseudomorph beds of the Chittidil and Chhidru exposures in the western part of 
the cis-Indus Salt Eange should prepare us for the gypseous nature of the Saiduwali 
Cambrian beds on the other side of the river. 

KANGRA DISTRICT, PUNJAB. 

Subdivision.—Whatever may be the geological position of the Haimanta. 
formation in Garhwal and Ngari Ehorsum, the middle and upper subdivisions 
of that system, as found in Spiti—the Babeh system of Stoliczka—were included 
by Hayden as part of the Cambrian. Rocks containing Cambrian fossils were- 
discovered by him in the Spiti valley of the Eangra district of the Punjab, and 
designated the Parahio series®. With the underlying “Upper Haimanta ” and 
“Middle Haimanta” it was grouped to form what was regarded as the local re¬ 
presentative of the Cambrian system : 

(c) Parahio series . . . Fossiliferous slates, quartzites and dolomites ; thick¬ 

ness nearly 1,200 feet. 


i E. R. Gee. Ree,, LXIII, 63 (1930). 

* E. R. Gee. Private communioation. 
» Mem,, XXXVI, 13(1904). 




Chap. XV.] 


OAMBRIAH AI^D POSSIBLE EQUIVALENTS 


581 


(6) Upper Haimanta series . Bright red and black (ferruginons and carbonaceous) 

slates with some quartzites: thickness about' 1,000 
feet. 

(o) Middle Haimanta series . Dark slates and quartzites : thickness probably between 

2,000 and 3,000 feet. 

. No fossils have been found in the two lower subdivisions, but the beds were 
thought to form a perfectly continuous sequence and were in consequence grouped 
under one system. The rocks occupy a broad irregular belt curving from the 
Chandra river S.S.E.’ wards and eastwards across the Sutlej river concentric with 
the Spiti valley, and constituting to a large extent the great snowy range separat¬ 
ing Spiti from Kulu and Bashahr. It is bounded on the southwest by the so- 
called “Central Gneiss**—a metamorphosed granite intrusive into the Cambrian 
and later rocks—and by crystalline schists. The Middle and Upper Haimantas 
of Garhwal have been shown by Auden to be the equivalents of the Simla Slates, 
and have already been described. It has been assumed that the Haimantas of 
Spiti were correctly identified as such by Hayden, and these rocks have also been 
described under the general heading. The only point of interest to be raised here 
is the claim that the Upper Haimantas pass up conformably into the fossiliferous 
Parahio series ; the confirmation of such a passage would, make it necessary to 
regard part at least of the Haimanta succession—and, consequently, part at least 
of the Simla Slates and equivalent Himalayan formations—-as belonging to the 
Cambrian rather than to the Purana. 

Parahio series.— The upper or siliceous beds of the Upper Haimanta series 
in the Parahio valley are said to pass up gradually into a series of grey and green 
micaceous quartzites and thinly-foliated slates and shales, with narrow bands of 
light grey dolomite. The slates, usually dark blue or black in colour, and vary¬ 
ing from a soft argillaceous rock to a hard, siliceous, highly micaceous variety, 
are very finely laminated and much crusl.ed ; the direction of foliation is usually 
oblique to the bedding, the rock frequently resembling a needle shale. For many 
hundred feet the following alternation is repeated with great regularity : argillace¬ 
ous slates passing up into more siliceous varieties and into quartzite which is al¬ 
most invariably capped by a few inches of calcareous quartzite or dolomitic lime¬ 
stone ; this limestone is succeded by more argillaceous slates, and so on. To¬ 
wards the top of this succession were found the fossils, mostly in the argillaceous 
beds but also in the narrow limestone bands and sometimes in the flaggy quartzites. 
The lowest fossil-bearing horizon is the top of the reddish quartzites overlying 
the bright red slate series. The Parahio beds of Spiti have not so far been recog¬ 
nised in the Kumaon section of the Himalaya. 

Subdivision and fauna of the Parahio series. —The Parahio series has 
been divided by Hayden into six zones and by Cowper Heed into three stages, 
according to the fauna :— 

Upper stage. Zone 6. 

Trilobita. 

Baikyuriac%L8 (t) a'oliezkai Reed, 

Dicellocephalua (t) interprea Reed, 

Olenua (?) haimanUnaia Reed, 

Middle stage. Zone 5. 

Trilobita. 

* Miorodiacua haimantenaia Reed, 

Oryctooaphaliia aalteri Reed(abundantJ,. 


^Pal. Ind., Ser., XV, Vol. VII, mexn. 1,62 (1910). 
*With American affinities. 

9 081/64 
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* Ptyehoparia eonaoeiaiia Beed, 

admisaa Reed, 

M maopoenaia Beed (abimdant), 

„ (f) hoatilia Beed, 

>f if) prceterita Reed, ^ 

„ (Oonocephalitea) memor Reed,* 

* Schangtungia cf. frequena Dames. 

Pteropoda. 

* Eyoliihea {Orthoiheaa aff. pUeatua BrOgger. 

* Eyoliihea aff. danianua Waloott (two speoimenG 
Braohiopoda. 

Obolua (WteUmia) f sp., 

* OboUlla of. craaaa (Hall).? (species found ii 

America}, 

AcrotheU vertex Beed, 

. * „ of. apurri Waloott fspecies found in 

America). 

Middle stage. Zone 4. 

Trilobita. 

Ptyehoparia apitienaia Beed, 

,, atracheyi Reed, 

,, urceokUa Beed, 

* „ defoaaa Beed, 

* „ (?) himalaica Beed, 

,, {Gonocephalitea (heatema Beed, 

Agrauloa (?) aimulana Beed, 

Brachiopoda. 

LingtXella haimantenaia Beed, 

,, apitienaia Beed (plentiful). 

* OhoUlla of. atlantica Walcott, 

Acrothele prcaataM Beed (two specimens), 

„ sp. 

Eobinodermata. 

* Eocyatitea sp. (two plates only). 

Middle stage. Zone 3. 

Trilobita. 

Ptyehoparia (Lioatracua) dviea Beed. 
Braohiopoda. 

? Lingulella haimantenaia Beed. 

* Aerotreta parahioenaia Reed (plentiful). 

Middle stage. Zone 2. 

Trilobita. 

Microdiacua grieahacHi Beed, 

* Zacanthoidea indiaaa Reed, 

Oryctocephedua of. reynoldai Beed, 

Ptyehoparia pervulgata Reed, 

* Agrauloa aff. roberti Matthew, 

If (f) firvidua Reed. 

Braohiopoda. 

* Bota/ordia (formerly Lingulella of. eedata (Hall 
Goslenterata. 

Ooainoeyaihua of. eorbieuld Bornemann. 

Ziower stage. Zone 1. 

Braohiopoda. 

* Niaueia depaaenaia Beed. 

. JAngiMla f sp. 


*With Amerioan affinities. 

^Almost inseparable from Pi. hoatilia, 

^P.B. Oowper Reed’s Ptyehoparia (Oonoeapheditea) memor*' 
Joum. 5ot., XXVn 301 (1084). 


the Lower Cambrian oi 
the Lower Cambrian of 


; 


*• See J. Kobayashi, Aeier. 
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In the Pin ravine, W.S.W. of Muth, a head-shield of Redlichia noetlingi has been 
found. Besides this Muth locality a third was discovered near Changnu 
in the Parahio river, where a boulder of limestome was found to contain the tiJlo- 
bites Anomocare conjunctiva Reed, A. sp.^Agnostus spitiensis Reed (closely allied 
to three American forms) and an indeterminable species of the brachiopod Lin* 
guUpis. 

Character op the pauna and its relationships. —One of the most strik¬ 
ing facts regarding these fossils, which are mostly crushed and fragmentary, is 
that each zone comprises a distinct fauna peculiar to itself. No species has been 
observed outside its own special zone ; certainly none ranges through the whole 
series. The lowest horizons, like those of the European Cambrian, frequently 
show the so-called ‘Tucoid** markings. Trilobites are overwhelmingly pre¬ 
dominant, brachiopods are poorly represented, while of other classes there are 
only two or three specimens. The Parahio fauna, like that of the Salt Range, 
contains no species which has been definitely recognised in any other part of the 
world but, as a whole, shows a distinct resemblance to the Cambrian fauna of the 
Rocky Mountain province of North America. This is more especially seen in the 
trilobites. The genus Oryctocephalus had previously been recognised only in 
British Columbia and Nevada, and the two species from Spiti are closely allied 
to the two or three American species ; the genus ptychopaxia is abundant and 
predominates both in species and individuals on every horizon except the lowest 
and highest, many of the species being closely related to forms from the western 
part of North America ; other genera alre scarce and Paradoxides is absent; 
Zacanthoides was previously unknown outside the Rocky Mountain province. 
Eocystites is an American genus of cystidans. The Obolella of Zone 4 is compar¬ 
able to 0. atlantica, a species found in the Lower Cambrian of America, and many 
of the other brachiopods show close American afiinities. 

The Parahio fauna has nothing in common with that of the Salt Range and 
the succession is quite distinct but for a very interesting link which was estab¬ 
lished by the discovery of the head-shield of Redlichia noetlingi in the Pin ravine. 
As Dr. Cowper Reed remarks, “with the exception of Redlichia^ which is not found 
associated with .any of the other trilobites and occurs in a different locality and 
probably on a lower stratigraphical horizon, all the above trilobites are found 
in one section in the Parahio valley, exposing a conformable series of beds”^ The 
Obolus (Westonia)"^ sp. from Zone 5 has much the same outline as Lingulellafuchsi 
from the Salt Range. 

The possible occurrence of Schantungia frequence and the presence of the two 
forms Agnostus spitiensis and Redlichia noetlingi^ both of which are closely para¬ 
lleled in northern China, are scanty links with the Cambrian of that region, but 
one of the most remarkable features of the Spiti fauna is its much closer affinities 
with that of the Middle Cambrian of the Pacific slope of western America than 
with that of China.^ The relationship of the Spiti beds with either northern or 
southern Europe is of the slightest and, disregaiding the questionable occurrence 
of Olenus in plentiful numbers, is restricted to the presence of a pteropod very 
olose to HyolUhes {Orthotheca) from the Paradoxides Beds of Sweden, the 


iBee., XL, 11 (1910). 

«F.B. Cowper Rood. Rec.. XL, 10,16 (1910). 
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occurrence of Ptychopana (Liostracua) civtca^ which is undoubtedly allied to 
two Scandinavian species, and the occurrence of a coral close to Gosdnocyathus 
eorbicula from Sardinia. The genus Coscinocyathus is found in north China (Middle 
Cambrian) and probably also in the Cambrian of Australia ; the Spiti species 
appears to be identical with one from the Cambrian of Siberia. The Anomocare 
and Ghuangia Middle Cambrian fauna of Persia, which is related to the correspond¬ 
ing fauna in China and still more strikingly to that in Tndo'China, has nothing 
in common with any of the European faunas and very little in common with either 
the Salt Range or the Spiti fauna ; the want of resemblance to the Indian faunas^ 
however, is due probably to small diiferences in age rather than to a difference 
of Zoological province. 

Age of the Spiti beds. —With regard to the age of the Spiti beds, the horizon 
near Muth is probably equivalent to that of the topmost zone of the Kussak stage 
of the Salt Range, i,e, highest Lower or Lowest Middle Cambrian. Of the Farahio 
beds the bulk belongs to the Middle Cambrain,' the fauna of the lower stage is too 
scanty to determine its precise age, but it is evidently either Lower or Middle 
Cambrian. The Middle stage undoubtedly belongs to the Middle Cambrian and 
probably reaches low down in that subdivision. The upper stage, in which the 
most plentiful fossil is the Bbicfc^eWena-like-trilobito—the very doubtful 
Olenus —is probably Upper Cambrian. The Changnu boulder belongs probably 
to the Middle Cambrian (Middle or Upper stage of the Parahio series). 

Upper boundart. —The Cambrian of Spiti is overlain unconformably by 
a conglomerate which has been taken as the base of the Ordovician. At this 
horizon there is a constant lithological break and unconformity throughout 
Spiti and Bashahr. The highest beds of the Parahio section are found only in 
that valley ; elsewhere the Ordovician conglomerate rests upon lower horizons. 
Eastwards, in the Thanam valley for instance, the greater part of the Parahio 
series has been removed ; further east, the trilobite-bearing beds appear to be 
entirely absent, and on the south side of the Hangrang Pass Ordovician rocks 
lie upon the red and carbonaceous slates of the so-called Haimanta group. In 
the latter locality, however, and throughout Bashahr, the rocks are much dis¬ 
turbed and faulted. As already remarked only the Middle and Upper series of the 
**Haimanta” have been recognised in Spiti. 


KASHMIR. 

• Lib of the ancient sbdimentaries. —The broad outcrop of gneissic and 
crystalline rocks east of Simla^ when traced north-westwards across the Sutlej, 
splits up in the Kangra district into two branches, the more northern and broader 
of which follows the range between the Kulu and Spiti valleys into Lahaul and 
Zanskar, while the more southern extends with a parallel trend through the Daula- 
dbar range into the Pir Panjal, where it thins out to a narrow strip separated only 
by a band of insignificant width of pre-Tertiary rocks from the sub-Himalayan or 
Tertiary zone of Jammu. Between these two branches lies a broad area of sedi- 
mentaries, while another area of similar rocks runs as a direct continuation of 
the Spiti successiofn along the northeast side of the Zanskar branch ; these two 


iQtn. Eep.. Ree., XXXVII, 27 (1908). 
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areas meet each other around the Kashmir valley. Excluding the Tertiary basin 
of the Indus valley^ these sedimentary rocks were included by Lydekker in his 
‘Tanjal” and “Zanskar” systems, the former comprising his “Lower Palaeo 
zoic” and the latter liis “Upper Palaczoic and Mesozoic” rocks. Detailed work 
on more adequate maps has necessitated extensive modification of Lydekker’s 
rapid reconnaissances, and his “Panjal system” is now known to include innn 
western Kashmir and Chamba, slates and associated beds of Archaaen or Purana 
age or both, as well as early Palaeozoic'strata and a great succession of Carboni- 
ferrous and Permian beds; the last-mentioned succession, in fact, forms the 
principal portion of the system. In eastern Kashmir, where the sequence is a 
continuation of that found in Spiti Lydekker's original correlation may be ap¬ 
proximately correct, the “Panjal system” being here restricted to the rock series 
extending from the base of the “Haimanta” to the base of the Kuling system 
whose lower limit may be the lower limit of the Upper Carboniferous. The 
“Panjals” here consist typically of dark-coloured slates and sandstones, but in 
what proportion the “Haimanta” and Muth systems are represented is not 
known. 

Graywacke group. —Amongst the beds originally grouped in western Kash¬ 
mir as “Panjals” Middlemiss has identified in the region to the east of Islama¬ 
bad a thin band containing Silurian fossils and overlying, “many hundreds of 
feet” of a graywacke group composed of pale, drab-coloured, thin-bedded slaty 
shales and fine, compacted, earthy sandstones, which must be looked upon as 
either Ordovician or Cambrian or both. The beds are frequently sandly or micace¬ 
ous but never massive or quartzitic. In the upper parts are calcareous layers 
which locally attain some thickness but in which no trace of fossils has been found ; 
these limestones, which dre much altered, possibly represent the Ordovician 
limestones oi bpiti. In the other components ol the formation, fossils ar not 
wanting but have so far proved quite indeterminable ; they are more numerous 
and less ill-preserved in the highest beds but become more and more effaced the 
deeper their horizon, until they are reduced to mere rusty spots and blotches. 

The above graywacke beds form a great steep anticlinal fold about a N.W.— 
S.B. axis a few miles east of Islamabad, pitching towards the northwest. This 
anticline is succeeded on the northeast by a steep syncline involving younger 
beds, and this syncline in turn by another outcrop of the gra 3 rwackes along the 
Wardwan valley, the two outcrops of graywacke meeting each other southeast- 
wards where the syncline rises (see map, facing p. 638). There can be little doubt 
that further southeast, still larger areas are composed of these ancient Palaeozoic 
tocks.^ Underlying Panjal volcanic rocks, which are so extensively developed 
along the summit of the Pir Panjal, Wadia found a considerable thickness of Lower 
Cambrian, as well as of Lower and Middle Carboniferroiis strata, exposed in a 
series of open, northwesterly-pitching anticlines and synclines, between Budil 
and Banihal. These Cambrian beds, consisting of clays and slates with quartzite 
partings, contain copious annelid markings and a few indistinct ptoropod shells, 
and are unconformably overlain by 3,000 feet of Lower Carboniferous limestone 
(Syzingothyris Limestone).^ 


iG.S. Middlemiss. Bee., XL 211^219 (1910). 
^Ckn. Bep., Btc., LXXIl, 76 (1937K 
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According to Middlemiss, the lower reaches of the Sind valley, northeast of 
Srinagar, mapped by Lydekker as belonging to his ‘Tanjal system,” consist of 
the same drab-coloured slates, phyllites and graywackes with rare calcareous 
layers, already described as occurring further south. These Sind valley beds 
are in all probability a continuation of the Wardwan valley exposure. The slates 
are frequently micaceous and contain relics of fossils in the form of ferruginous 
patches similar to those described above. The fossiliferous Silurian band could 
not be found in the Sind valley, but Middlemiss speaks of thin-bedded Silurian 
slates, succeeded in the characteristic way by a rather thin but very typical out¬ 
crop of the Muth Quartzite. Near Margund these old graywackes and slates 
have suffered intrusion by biotite granite. 

The age of at least part of this graywacke formation, which Middlemiss with 
so much foresight assigned tentatively to the Cambrian, has fortunately 
been definitely confirmed by the recent discovery by D.N. Wadia of Cambrian 
fossils in beds of the same description further west, i.c. in the mountainous 
country which forms a semi-circle enclosing the western extremity of the Kashmir 
valley, between the Pir Panjal and that off-shoot of the Great Himalaya known 
as the North Kashmir range.^ As already noticed the occurrence of fossiliferous 
Paleeozoic sediments on the south side of the main Haimalayan axis is a feature 
almost unique to the Kashmir end of the chain ; further east Palaeozoic and Meso¬ 
zoic Himalayan faunas are, with one or two rare exceptions, confined to the 
Tibetan zone. 

Eelationship to tbe Dogba Slates. —^Towards the centre of the Palaeozoic 
synclinal basin under consideration, which is exposed in an elliptical outcrop 
distorted by minor folding, the Dogra Slates—already described under the head¬ 
ing of Purana—-are said to pass up through passage beds into strata bearing many 
indeterminable but undoubted organic remains, and these in turn with no hiatus 
into beds containing recognisable trilobites and brachiopods of Middle or Upper 
Cambrian affinities. The lower portion of this great system of partly fossiliferous 
clays, slates, limestones and arenaceous beds, therefore, probably includes Lower 
Cambrian strata and perhaps also pre-Cambrian deposits, for the lowest horizons 
have been found by Wadia to pass, not only vertically, but also laterally into 
slates of the Dogra type. In the outlying parts of the basin, in fact, some of the 
Dogra Slates have the appearance of being but a variant facies of the obscurely 
fossiliferous slates, quartzites and shales of presumably Lower Cambrain age.. 
The vertical passage of the Dogra Slates into Cambrian—and incidentally of the 
latter into the Ordovician—is said to be well seen in a traverse across the Jhelum- 
Kishanganga dividing range from Jumegand to Marhaum. In some places, the 
relationship of the Dogra Slates to the lower horizons of the Cambrian sequence is 
obscure, and to what extent the two formations are separable and distinct is 
not yet clear. 

Lower Cambrian. —In what we may tentatively call the Lower Cambrian 
of this area, there are no limestones, the predominant rock being a dark laminated 
slate with quartzose partings ; the slate shows an imperfect cleavage oblique to 
the lamination and more apparent than the latter. The ripple-marked surfaces 
of many of the sandy beds are crowded with annelid markings in the form 
convoluted or straight casts, tubes, tracks and burrows, varying from thin 
threads. 


»i2ec., LXVII, 122-123, 134 (1034). 
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to tapering or conical pipes sometimes two inches in diameter ; these beds have 
characters in bommon with the annelid sandstones of the Kussak stage in the 
Salt Range. 

In some places the Lower beds are missing and the Salkhala series is overlain 
bjr the younger portion of the Cambrian sequence. In the north, the older 
Cambrian has been invaded by a granite called by Wadia the Hant Granite and 
also by long narrow veins and sills of the ''Central Gneiss”. Elsewhere, the beds 
are unafiected by granite intrusions but are traversed by a series of quartz veins, 
some of which contain disseminations of chalcopyrite. The older Cambrian is 
copiously seamed by dykes of black, fine-grained dolerite, 20 to 100 feet thick, 
and belonging presumably to the Panjal Trap. 

Middle and Uppek Cambeian. —The Lower Cambrian—if so correctly, 
designated—^passes with perfect conformity up into higher beds referable to the 
Middle Cambrian and perhaps including some at least of the Upper Cambrian. 
These beds are exposed along the foot of the mountain of Shamsh Abari, west 
of Hamdwara (Hundawor), in a pitching synclinc, on the northern flank of which 
they cover a comparatively wide tract. Further east, they are seen in more or 
less isolated patches hut are hero largely concealed under the alluvium of the 
Lolab and Pohru rivers and their tributaries or under the Karewah deposits of 
Pleistocene age. 

This younger sequence consists of thick-beddcd, unlaminated but imferfcctly 
cleaved clays of bright blue colour, grey and green sandy slates which are at times 
micaceous, and brown ferruginous sandstones. The argillaceous beds are copi¬ 
ously intercalated with limestones carrying many oolitic and a few pisolitic layers. 
These calcareous intercalations increase in importance towards tlie toj> of the 
series but are as a rule devoid of determinable fossils. Some of the calcareouKS 
beds, especially tliosc in the Bijildhar ^ alley, have the appearance of being algal 
limestones.^ 

Like the older scries, the younger Cambrian is traversed in all paits by feeders 
of the Panjal Trap in the form of basic dykcvS. At one locality, in the centre of 
the Marhaum syncline, the beds are overlain by strata with Ordovician forms of 
OrMfi and other brachiopods. 

Fauna. —Organic remains, which are restricted to the argillaceous and sand- 
beds, have been mostly reduced to mere rusty blotcl:cs and discolorations. 
Determinable specimens have, however, been obtained by Wadia from several 
localities but are extremely sporadic. The specimens consist princijally of small 
trilobites, represented by isolated cranidia, usually in a cruslicd or fragmentary 
condition, of small horny brachiopods mostly in a poor state of preservation, and 
• of a few pteropods.2 In spite of local differences in faunal composition and of 
certain lithological difference in the rocks, all the fossils arc referred by Dr. Cowper 
Reed to the Middle or Upper Cambrian, on the strength of the aflSnities of the 
species, which are mostly new. The most striking feature of the fauna is the 
occurrence of the peculiar genus Toi^ihinelh, previously found only in Tonkin 


lO.S. Middlcmifls. Rtc,, XL 211-213 (1910). 

* (7e». jBep.. Nfic., LXXII, 75 (1937), D.N. Wadin.. 7?€r., LXVIII, 123, 134 (1934). 
D.N. Wadia N«c., LXVIII, 138 (1934). F.R. Cowper Beed. Pa/. /nd., New Ser., Vol.XXI, 
Mem. 2 p. 1 (1934). 
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and. of Bpecies of corwcoryphe^ Anomocare and other genera allied to those in the 
Cambrian of French Indo>China.^ The two genera Anomocare and Chuangia also 
link these beds with the Persian fauna at or Just below the base of the Upper 
Cambrian. The following is a list of species obtained from horizons which pro¬ 
bably vary somewhat in level but which have so far not been differentiated :— 

Gystidea. 

JSocyatitea (f) sp., 

Hazelia (?) sp., 

Brachiopoda. 

Obolus haahmiricvA Boed, 

Lingulella sp., 

LiTigulepis (i*) sp., , 

Botaforaia cf. ccdata (Hall) 

Acrothde aif. auhsidua White 
Dieellomua. cf. politus (Hall) 

Gastropoda. 

LapwortJiella (?) sp., 

Hyiolithes cf. cybele Wale. ? 

,, (Ortholheca) of. daulis Wale. ? 

„ of. Uneatulua Holm. ? 

Trilobita. 

Agnoatua cf. rakumnaia Kobayashi, 

Microdiacua sp., 

Oonocoryphe frangie.ngenaia Reed, 

,, aejunda Rood, 

,, (Utenocephalua ?) sp., 

Tonkinella brevicepa Kob. (equivalent probably) T. Kaahmirica Reed. 

,, quadrijida Reed. 

DoUchomatopua aubtuberculatua Reed, 

Corpnexchcita sp., 

Ammocare Jmndfoarenaa Rood, 

,, nnvatum Reed, 

,, u R-.cd, 

,, dimotum Reed. 

•• (f) perfunctum Reed, 

Chwmqia wadapuren^ia Reed, 

,, aubangulata Reed, 

Sdejhopleura lydekkeri Reed, 

Blountia (?) sp., 

Ptychoparia dardapwranaia Beod, 

„ wewo/ Rood, 

Changahania (?) nupara Reed, 

Saukia (Briacoia .^) vagana Reed, 

Proaaukia tniddlemiaai Rood, 

Hundtvarella personata Reed, 

,, (?) remota Reed, 

Agnostta raharoenm and TonkineUa breviceps are both found in the Cambrian 
of Cho-sen. Hundwarella is an entirely new genus. AnomocareUa memor is a 
Spiti form; the doubtful Kashmir specimen is much like Mansuy’s Anomocare 
cf. wtejralwrws (Dames), and to a similarly compared species occurring in the Cam- 
brain of Persia.* 

Aob and oorrblation op the beds.— With regard to the age of the Kashmir 
beds, Cowper Reed concludes that the greater part belongs to the Middle Cam¬ 
brian, ^'though the affinities of several of the trilobites and brachiopods, being 
with those of Upper Cambrain age in America and elsewhere, suggest that some 
higher Cambrian beds may also be represented in the collection.” The scanty 

iRee A. Mangiiy. Mm. Sttv. gad. Indo^China, IV Pago. 2 (1915); Ibid. V. Fago. 1 (1916). 

Kobayashi Amer. iSfet., iSfer. 5, Vol. XXVII, 295-302 (1934); See aiso W.B.B 

King. Oaol. Mag., LXVII, 318 (1930). 
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Cambrian faunas from eastern Yunnan appear to belong to a lower horizon than 
any represented in the Ksahmir assemblage and are therefore not comparable. 
The yei^ limited Dead Sea fauna is a specialised one and is also, for that reason 
invalid for comparison. The nearest Cambrian fauna in India, that of the Salt 
Bange, is completely distinct, but this may be partly due to the fact that in tins 
assemblage brachiopods predominate and trilobites are very scarce, while in 
Kashmir on the other hand trilobites outnumber the brachiopods. The rich Cam¬ 
brian faunas of the Spiti area also contain an entirely different assemblage, and 
not a single species thereof, with the exception of the doubtful Ammocarella 
memor,^ as found in the Kashmir beds. Of the rich and varied faunas of Lower 
middle and Upper Cambrian age in northern China, none bears any great similarity 
to that of Kashmir, though some species are noticeably allied and the genus 
Chuangia is apparently present in both areas as well as in Tonkin. ‘ The rela¬ 
tionship of the Kashmir fauna is closest with the faunas of Indo-China and Persia 
though the trilobite Itedltchia, so typical of the two latter countries, is absent. 
In spite of the specific differences. Mi. Kobayashi is of the opinion that, the Hund* 
wara zone of Kashmir—as he calls it—is the equivalent of the top horizon of the 
Middle stage of the Parahio series, and correlates it with the Tonkinella flabeUi-^ 
formis zone of Indo-China and Yunnan, the Olenoides zone of Cho-sen, the Stephen 
formation of western North America, and probably the Templeton formation of 
Mount Isa, Queensland*. 


BURMA. 

No Cambrian fossils have so far been discovered within the confines of Burma 
and the oldest fossiliferous strata in that country are of Lower or early Middle 
Ordovician age, and are known as the Lower Naungkangyi beds. In the North* 
em Mian Slates, these beds pass aown lUrough an uniobbiiiitrous senes known as 
the Pangyun into the Bawdwin Volcanic series. The whole succession appears 
to be a conformable one, although the volcanic disturbance seems to have lasted 
longer in the Southern Shan States than it did further north. This conformity 
does not preclude the possibility of part at least of the Bawdwin Volcanics and 
part of the Pangyun series representing the younger portion of the Cambrian. 
If the rhyolites found in what is known as the Pindaya series in the Southern Shan 
States are correctly regarded as belonging to the Bawdwin suite as they almost 
certainly are, this acid phase of vulcanicity must have persisted, locally at any 
rate, into the Ordovician. 


BAWDWIN VOLCANIC SERIES. 

Position and relationships. —^At certain localities along the boundary 
between the Chaung Magyi beds and the overlying fossil-bearing Palaeozoic 
formations, in the Northern Shan States of Burma, there is exposed a series of 
tuffs or ash beds interstratified with layers of rhyolite. The most important 
development of these beds so far met with occurs at Bavrdwin (Bawdwin-gyi) in 
the Tawng-peng State, a few miles west of the village of Nam-tu. This place 
was, for many hundreds of years, the site of extensive mining operations on the 
part of the Chinese who extracted large quantities of silver from the silver-lead ores 

^And a doubtful hyolithoid which may be oloee to Reed's Uyoliihes aff. danxarms Waol. 

■»F.R. Cowper Reed. Pal, Ind,, New Ser., Vol. XXI, Mem. 2, p. 2 (1934). 
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found among the tuffs and rhyolites. The early history of the mines dates back 
to the 14th century and the Chinese did not abandon operations till the mahome- 
dan rebelion in 1868. The mineral deposits are now being exploited by a British 
company and shafts have been sunk into the intensely shattered mineralised 
zone which occurs along a great overthrust traceable for many miles to the 
south of Bawdwin. The date of the dislocation and the mineralisation 
which followed is not definitely known, but there are grounds for 
regarding both as connected with the intrusion of a gamites which in 
the Northern Shan States has been designated the Tawng-peng Granite. 
This intrusion was at first thought to be the plutonic phase of the 
Bawdwin rhyolites but the evidence, scanty as it is, seems more in favour of the 
view that the Tawng-peng granite, with the mineral veins and lodes connected 
therewith, is considerably younger than the rhyolites, and may perhaps date 
from some period between the earliest phase of the Plateau Limestone (Devonian) 
and the Rhaetric. This granite and its supposed mineralising accompaniments 
will be described in a later chapter. 

Age. —South of the Bawdwin area, the volcanic beds are almost everywhere 
overlapped by Silurian sandstones. Among the few places in the Northern Shan 
States where they reappear are : (i) Lawngtawktao ; (ii) Kunhawt, further south, 
where there is a small exposure of spherulitic rhyolite ; and (iii) between Kun¬ 
hawt and Hunang. In the ranges east of the Shan plateau, they are found along 
the crest of the Loi-len range, east of Lashio ; among the hills between Mong 
Yai and the Nam Ha valley; and on the western side of Loi Twang, south of 
Mong Tung. In the Bawdwin region itself, their lower horizons are cut out by 
overthrusting, but at every other locality where they arc present, they invariably 
occur between the Chaung Magyi rocks and the lowest member present of the 
Palasozoio fossiliferous succession ; they do not, however, form a continuous band. 

It was at first thought that, as the deposition of the overlapping younger 
beds had in places been preceded by sub-aerial denudation, it was permissible 
to group the Bawdwin Volcanics with the Chaung Magyi series under the same 
system instead of with the lowest subdivision of the fossiliferous rocks. Recent¬ 
ly discovered facts, however, make it preferable to regard the volcanic beds as 
part of the oldest Palaeozoic sequence of Burma. In the first place, there is, 
apparently, a gradual and conformable passage down from the lowest Naung- 
kangyi beds (Ordovician), through the unfossiliferous Pangyuns—^when the latter 
are present—^into the Bawdwin tuffs and rhyolites.^ Secondly, in the Southern 
Shan States, rhyolites believed to belong to*the Bawdwin suite are actually inter- 
bedded with sediments containing Ordovician fossils. . 

The Bawdwin exposure as a whole is regarded by Coggin Brown as forming a 
kind of low dome, lying N.W.—S.E., and rising from beneath the Pangyun beds 
the lowest horizons of which are composed of thin felspathic grits full of tufface- 
ous matter and partake of the n&ture of passage beds®. Other patches of rhyolite 
occur both to the north and east of Bawdwin. The base of the rhyolitic series 
is not visible at Bawdwin but in other parts of the Northern Shan States overlies 
the Chaung Magyi beds unconformably. In the Bawdwin Mine, however, lying 
below the rhyolite suite, sedimentary rocks of Chaung Magyi character have been 


lE. L. G. olegg. Bee,, LXXV, Prof, paper 13, p. 4 (1941). 
•Nec., XLVIII. 140 (1917). 
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encountered, showing an unconformable relationship with the Fangyunbeds. 
These Chaung Magyi sediments occupy the whole of the known bottom of the 
Bawdwin Mine and have been penetra^d by the drill to a depth of several hundred 
feet. The rhyolitic suite does not appear to be continuous over great distances 
but seems to have been formed at isolated centres. In most cases, it is more or 
less completely overlapped by higher beds. 

Composition. —The beds consist of rhyolitic and other tuffs, rhyolites, occa« 
sional bands of volcanic breccia, subordinate layers of sandstone and felspathic 
grit and according to Leicester, intrusive quartz porphyries. 

The Lavas. —The rhyolites, subordinate in quantity to the tuffs, exhibit the 
usual phenomena observable in acid glassy lavas, such as flow, spherulitic and 
perlitic structmes, corrosion of the quartz phenocrysts, and other features. They 
are pink, brown or chocolate in colour, and often full grains of clear secondary 
quartz. The groundmass is always cryptocrystalline—shaving probably undergone 
some devitrification—and sometimes exhibits under crossed nicols the peculiar 
breaking“up into irregular, alteinatley light and dark areas, known as a ‘'quartz 
mosaic*’. The felspars of the rhyolites, both phenocrysts and those of the ground- 
mass, are usually quite decomposed; when suflGlciently fresh for identification^ 
they are scon to consist invariably of otthoclaso in winch traces of simple twinning, 
can sometimes be made out. Iron ores, exhibiting the while mesh-work charac¬ 
teristic of leucoxene, are usually present, but no trace of any ferromagnesian 
mineral or of mica has been observed. Fhenocrysts of quartz preponderate over 
those of felspar. In the mine, typical rhyolit are much smashed and broken 
by fault-planes ; in rare instances lumps of graphitic slate have been found included 
in them'. 

The “quartz mosaic” structuic in the Bawdwin rhyolites, as noted by 
La Touche, is exactly the same as that which occurs in some of the Malani rhyolites 
of western Eajputano ; in the looks from both localities, wherever this structure 
occurs, the quartz phenocrysts aie surrounded by a “court” or closed area, the 
quartz of which is in optical continuity with that of the phenocryst. An exactly 
similar stnictiire has been noted in rhyolites interbedded with the Deccan traps 
and therefore of late Cretaceous or early Tertiary age. The Bawdwin and Malani 
rhyolites further resemble each other and dilTcr from the Deccan lavas in the 
preponderance of quartz phenocrysts over those of felspar, and in the absence 
of plagioclaso felspar augite. 

The Tuffs. —The tuffs, whicli foim by far the greater part of the series, re¬ 
semble the flows in composition and consist of fragments of quartz and felspar, 
and occasionally of rhyolite embedded in a fine-grained matrix of volcanic dust. 
They have undergone such extensive metamorphism that it is not always easy 
to say where the rhyolite ends and the tuff begins. The typical tuffs differ from 
the rhyolites in having no flow-structure, in showing evidence of clastic origin, 
and in being more altered. The distinction between the silicified tuffs and the 
grits of the Pangyun scries is said to be still more difficult. The felspar of the 
tufts is generally in as decomposed a condition as is that of the lavas. The occur¬ 
rence in the matrix of occasional fragments of rhyolite shewing the mosaic-struc¬ 
tured groundmass alluded to above makes it probable that this structure was- 


^E.L.G. Clegg. Hcc., LXXV, Prof. Paper 13, p. 5 (1941). 
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d!0velopedi in the lava at the time of its consolidation and is not a result of subsequent 
devitrification. The tufts are often chloritised. One has been observed to contain 
spherulites and small shaly inclusions, and in places thin quartz veins. Under¬ 
ground, the tuffs are honeycombed to such an extent as to resemble pumice. At 
the surface they are usually soft, as a result of kaolinisation, and of a light grey 
colour. Felspathic grits, quartzites and thin bands of true rhyolite are all found 
associated with the tuff beds themselves. 

Mohochaung. —Some twenty>five miles northeast of Bawdwin are the old 
Chinese lead mines of Mohochaung. No rhyolite is present, but the ore-bodies- 
occur in sandstones and shales which are thought to be contemporaneous pro¬ 
bably with the Bawdwin sediments.^ A course muscovite-biotite granite crops 
out a little to the west. 

MYitkyina. —The Lagwi Pass on the China-Myitkyina frontier is occupied by 
dark grey, fine-grained, siliceous tuff, composed of sharply angular quatrz frag¬ 
ments lying in finer, chloritised material. This tuff, belonging presumably to 
the Bawdwin suite, is in contact on the west with the granitic gneiss, on the east 
with crystalline limestones described as similar to those near Eamaing in the 
Hikawng valley at the contact between the limestones and the tuff occurs 
a band of crystalline zoisite. Along this junction also are the Chinese galena 
mines of the Shweli-Nmai Kha divide, occurring in a pegmatite together with 
pyrite and chalcopyrite. 

Southern Suan States. —The localities enumerated above, with the exception of 
Myitkyina, are all situated in the Northern Shan States but in the neighbourhood 
of Ngot-to-ya-gyi and of Mene-taung, in the Southern Shan States of Findaya, 
rhyolites, which no doubt belong to the Bawdwin suite, are actually interbedded 
with limestones and shales of Ordovician age (Findaya beds). In Findaya, the 
volcanic rucks are describeJ as lighC-culuured with reddish brown spots due to the 
decomposition of pyrite; being always in a very decomposed condition, they 
rarely exhibit flow structures. It is significant that sulphides of copper, lead, 
and antimony occur in the vicinity of those rhyolite exposures.® 

PANGYUN SERIES. 

Forming an irregular belt with a local N.—B. strike the Pangyun beds^ enclose 
the main outcrop and a few small inliers of the Bawdwin Volcanic series. Along 
their regular eastern boundary, they dip under the Naungkangyi series (Ordo¬ 
vician) ; along the irregular western border, they are, in the south thrust over the 
Namhsim Sandstones (Silurian), and in the north in unconformable or faulted 
oontact with the Ghaung Magyi series.® Northwards the beds veer towards the 
north-east, thin out rapidly through faulting, and disappear completely in the 
neighbourhood of Namhogyi; here the series, consisting of purple sandstones and 
hand felspathic grits, rests unconformably upon the Chaung Magyis, the un- 
«€onfoimity being marked by a basal band of coarse conglomerate.® Down the 

Coggin Brown 12ec , LVI, 89-90 (1924)., 

•Murray Stuart. Etc., LTV, 407 (1922), 

•J. Coggin Brown and V.F. Sondhi. Etc., LXVII, 214,215,241,242 (1933), 

•The ‘ ‘Banyan Beds ’ * of Maolaren. 
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middle of the Pangyun outcrop, across the rhyolites, runs the principal thrust- 
fault of Bawdwin. Maclaren was of the opinion that the Pangyuns overlie the 
rhyolites unconformably, but Coggin Brown describes the former as passing down 
into the lavas and tuffs with no stratigraphical break of any consequence, and 
this is confirmed by Cleggi. Where the rhyolitic series is absent through overlap, 
the Pang^ns lie unconformably upon the Chaung Magyis. By Coggin Brown 
the seriesls spoken of as overlain in absolute conformity by the fossiliferous Lower 
Naungkangyis (Lower or Middle Ordovician) ; M.R. Sahni also, writing of sections 
much further north, states that the Pangyun beds pass with apparent conformity 
up into beds containing typical fossils of Lower Naungkangyi age. 

The series is well exposed in the Nam Pangyun, the narrow gorge up which 
the Burma Mines railway runs from Nam-tu to Bawdwin. In the neighbourhood 
of Bawdwin, as a result of the overthrusting, the Pangyuin beds are characterised 
by extreme distortion, but further east there is a regular dip to the east, which 
varies from 45° to about 30° where the beds pass under the Naungkangyis. 

In the western part of the Nam Pangjnin section, in the neighbourhood of 
the rhyolites and presumably constituting the lower portion of the seri'^'s, the 
rocks consist predominantly of quartzite, with subordinate bn.nds of greenish 
micaceous slate or purple slaty shale. Among the quartzites occur fclspathic 
grits, some of them with rhyolitic patches and specks of ch}dcoj)yrite, others 
coarady conglomeratic with small round pebbles of pink rhyolite in a greenish 
matrix and grains of transparent secondary quartz. As a result of latiTal shearing 
movement, some of the quartzites are crushed, rolled or contorted ; the un-- 
fractured types, alternating with bands of purple shale, are frequently well jointed 
the joint-planes being oft(^n curved and marked with horizontal slickensido. Some 
of the coarser quartzites and grits contain minute nests of malachite and azurite. 
In the vicinity of Bawdwin, where the junction with the rhyolites is soon, tlie 
lowest Pangyun bed is a grit with pink fclspathic patches, secondary quartz 
blebs and ferruginous spots. Intcrb'^dded shales increase towards the top, and 
the last two types, just below the Naungkangyi boundary comi)rise dark ])ui*ple 
ripple-marked sandstones often interbedded with shaly material, overlain by 
purple shales and thinly-bedded purple sandstones. The areneccous bedsaof the 
serie s vary from practically pure quartzite to a fine-grained sandstone*. 

This formation may form part of an outlier on the Memauk spur, and may 
occur in other parts of the Northern Shan States. A scries of hard blue and, 
purple sandstones, shales and grits, with occasional intercalations of conglo¬ 
merate, is to be seen lying upon Chaung Magyi rocks and overlain by fossiliferous 
Lower Palseozic sediments in the northern half of Lawksawk, one of the Southern 
Shan States, and in the adjoining parts of the Kyaukse district, and may be refer¬ 
able to the Pangyun*. 

YUNNAN AND TONKIN. 

A Lower Cambrian fauna of considerable size has been described from southern 
Tunnan, the commonest and most characteristic trilobite being Redlichia chinen» 
sis\ This fossil has also been found in eastern Yunnan by Coggin Brown.* 

»iiec., XLVIII, 146 (1917): Ibid, LXXV. Prof. Paper 13, p. 4 (1941). 
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In northern Tonkin and the adjacent parts of southeastern Yunnan, a much 
richer fauna,’ indicating the presence of Middle and Upper Cambrian, has been 
found. In this assemblage were 18 new species—including 2 new genera—^but 
a large number of the trilobites and brachiopods were found to be identical with 
forms from northern China. 


CAMBRIAN GEOGRAPHY. 

Of the Indian Cambrian faunas, those of the Salt Eange belong to a horizon 
very close to the boundary between the Lower and Middle Cambrian. The Spiti 
faunas also include the Redlichia zone but, in other respects, are quite diflferent 
in detail; a few Lower Cambrian types are present and there are one or two 
'doubtful representatives of Upper Cambrian horizons but the bulk of the fossils 
are Middle Cambrian species. In Kashmir the sequence may well include the 
Lower Cambrian, though there is no palaeontological evidence for this ;, the great 
majority of the fossils belong to the Middle division, and there are not wanting 
indications of the presence of higher horizons. If the Arch©ocyathine and 
Protolenoid stages of the Australian Lower Cambrian are represented at all in 
Kashmir and other parts of the Himalaya, it must be by unfossiliferous beds. 

In endeavouring to interpret the marked differences between the various 
•Cambrian faunas of Asia, certain facts have to be borne in mind. In the first 
place, with the exception of those made in north China, most of the collection 
of these very ancient fossils are extremely scanty and are evidently but small 
fractions of a much richer fauna—small fractions which, as a result of ^^collectors 
luck”, may not happen to have much in common one with the other. Secondly, 
most observers remark on the extreme localisation of species in this Cambrian 
life province a restriction attributable probably to several factors which influence 
the character of a fauna, such as the nature of the sea-floor, character of the food 
supply, temperature of the water and the nature of its dissolved salts. Thirdly, 
evolutionary changes seem to have been unusually rapid ; as we have seen, the 
Farahio fauna itself is split vertically into distinct individualistic faunules, and 
the eveidence of such swift vertical change makes it easier to understand the curious 
lack of resemblance between the Spiti, Kashmir and Salt Range faunas. Bearing 
such things in mind, it seems safe to conclude that the Cambrian of the Salt Range 
Kashmir and Spiti was all deposited off the same coast of a continent which 
included the Indian Peninsula. 

Following Grabau, with slight changes, the Lower and early Middle Cambrian 
so far known in the world may be grouped into three major marine provinces :— 
(i) the Atlantic, (ii) the Pacific, and (iii) the Australo-Asian, all quite distinct from 
Dne another and characterised by the respective trilobites, Holmia^ Oknellus and 
Jtedlichia. The Atlantic with ite Holmia and many hyolithids has its eastern 
limit in Europe, and in this region are thought to have thrown out two easterly 
embayments one across the Baltic Provinces of Russia and the other covering 
th*" western part of the Mediterranean. The Pacific province included all quartes 
of the A’^ctic region except that to the north of America and Greenland which 
formed b of the Atlantic continent. The waters of this province are supposed 
to have been separated from those of the Atlantic, and especially the Baltic 
embayment thereof, by a very long and narrow land barrier, known as the 
Ualedonian Old Land”, zigzagging from Norway to Scotland, thence to Iceland 
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fwid thence again southwestwards towards Newfoundland. To this Pacific fauna 
has been referred that of the Irkutsk basin of Siberia, for although it has yielded 
only doubtful frangments of the trilobite, Olemellus, it includes Kutorgina cingulata 
Bill., a brachiopod extremely characteristic of this old Pacific ocean. 

The province which concerns us more immediately is the Australo-Asian, and 
more especially a large northward indentation thereof from the Indian Ocean, 
which appears to have split into two large arms. One of these extended west¬ 
wards along the Himalayan geo-syncline, through the northern Punjab, across 
southwest Persia where Eedlichia and Anomooare have been identified, to Meso¬ 
potamia ; the western end of this arm has all the characters of a shallow-water, 
epi-continental sea. The other arm trended northeastwards across Yunnan, 
Shang-tung and Shan-si, as far as Manchuria, and perhaps a little further, for an 
undescribcd Protolenus {palceolenufi) fauna is apparently present at Sinskaya 
in Siberia^. The other end of this Australo-Asian ocean reached western and 
southern Australia, and gave habitat to the peculiar sponge ArchceoyathuSy the 
ball-like algal Girvanella^ the so called '‘Salterella,**^ Howchinella^ Redlichia^ 
and many other trilobites. liesides many species of Redlichia, this Asiatic 
fauna includes another trilobite genus, palmolmus^ and many brachiopods and 
ostracods ; the Indian faunas, as we have been show signs of specialisation. 
Glacial boulder beds near Hankow witness to the debouchment of glaciers, into 
the Redlichia sea. 

During this early part of the Cambrian period, therefore, the Asiatic region 
possessed two areas of deposition : a northern sea, part of the “Pacific’^ covering 
what are now the Irkutsk basin, parts of the northern coast of Siberia and the 
Liakov or New Siberian Islands, with an arm extending up the Lena valley ; and 
a southern sea described in the previous paragraph. Between the two lay the 
forerunner of the Angara continent. The northern Olenellus sea, by way of the 
Arctic Ocean and north Europe, stretched westwards as far as the region of North 
America, spreading down the present Atlantic coast from Labrador to Alabama. 

In north China the Cambrian deposits of the southern province, where they 
rest upon Sinian rocks, are rarely unconformable thereto ; elsewhere there is 
evidence to show that the southern sea covered an old land surface as indicated 
by the important discordance ^hich separates the Precambrian from the Cambrian. 
Evidence of a similar ancient land surface, in earliest Cambrian times, is seen 
in southwest Persia, bordering the geo-syncline which ran east and west across 
the line of the present Himalaya.* There are no indications of any connection 
between the Lower Cambrian sea of the Atlantic province and that of China and 
northern India*. 

If any of the Haimanta deposits should eventually prove to include marine 
representatives pf the Lower Cambrian—^an inference about which there is some 
doubt—we should have to visualise the Lower Cambrian sea of northern India 
stretching possibly from Spiti to Nepal, for the Haimanta outcrop is continuous 

^W.A. Obrutschew. “Geologic von Siberisen Heft 16,** S. 69 (1926). 

*By J>r. L.IT. Spath the Australian species '^Salterdla Jiardmani*' has been re-christened 
Bieonulites hardmani (Foord) [Oeol. Mag,, LXXIII, p. 433 (1936)]. Another Australian 
species, ^^ScUterella pUmocorea Tate*’ will also probably have to be included in P.T. de char- 
.din’s genus **Biconulitea.*" 

•W.B.R. King. Pal Ind., New Ser., Vol. XXTI, Mem. 6, p. 3 (1937). 

*y.C. Sun, Pal Sin. Ser. B. Vol. I, Fase, 4, p. 16 (1924). 



596 MANUAL OP GEOLOO'T OP INDIA AND BURMA [VOL. II^ 

between those regions. From this it would follow that the Aravalli range, in 
Lower Cambrian times, did not extend into what is now the Tibetan flank of the 
Himalaya, though it seems to have transgressed for a time into it during the later 
part of the period, judging from the way the fossiliferous Parahio beds of Spiti 
die out in a southeast direction. 

During the Middle Cambrian period, marked changes took place, and we are 
confronted with the first clearly established evidence of a world-wide marine trans* 
gression. Not only did the southern Asiatic sea encroach upon the land-mass 
to the north in the form of gvlfs over what are now parts of the Yenisei and Lena 
valleys, but it extended eastwards across the Pacific to the Canadian Rocky 
Mountains area and the State of Utah, with an easterly anir reaching as far as 
VcTmont and New York^. In Manchuria, central China, Tonkin, nortli India 
and certain parts of Siberia, there is everywhere the same conspicuous absence 
of Paradojcides, the dominating trilobite of the Atlantic province, and the presence 
o^ the primitive Asaphids so characteristic of the western portion of North America 
anc’ there is little doubt tl at the relatively shallow seas tl at covered tlusc^ area 
in Asia were connected with that which occupied western North America. This 
seems to be indicated by the presence in the middle Cambrian of southeifst Asia 
of y.saphiscus^ Bathyurisevs and Dolichometopus. On the other hand, a E; ro]>ean 
connection is sugge steel by the presence of Conocoryphe^. In such ways, tht^ fr.una 
of the Asian and Pacific Provinces lost some of their individuality and became 
to some extent confluent. In the cases of the Punjab and of China, individually 
this relationship to western North America seems to Li-vcj been a fairly close on 
though, curiously enough the differences between the faunas of thc‘. Pi nj? b and 
Cl ina are conspicuous. The Spiti fauna of the Punjab is much closer to that 
o* the Rocky Mounti ins than to tlat of China, and it has been conjectured that 
eastwards of Spti tl ere was “a more direct and uninterrupted communh alien 
with the western American sub-province than with that of the Chinese sea to the 
north*. That the conn ction bttween centra) China and western North America 
was incomplete towuTi.s tl e end of Middle, Cambiian times is shown by the dis¬ 
tinctive Chinese trilobiies, Dwnesella^Blachw4dHia and Drepanura^ wlih li, tljough 
present in Tonkin, t.Ti not found in America, wi il on the other hand, the Amt rioan 
genera, Karlia, Ogygepsis, Burlingia, Zacanthoides, Oryctocara, Neolenus, rnd the 
brachiopod JMsusia, are absent in China. Although there is no common species 
between India and Indo-China, there are marked resemblances between the Middle 
Cambrian faunas of the regions, exemplified by the presence of predominating 
Ptyckoparia, the occurrence of the peculiar genus Tonkinella, and the presence 
oi allied species of ConocorypKe, other genera* and the two regions 

may well have formed part of the same geo-sync line.. The Dorypyge (D. lenella)^ 
Whitehouse, D. corueca Wh. and D. decoris Wh. found in the upper part of the 
Middle Cambrian in northeast Australia has not been recorded in India. Neither 
the Middle nor the Upper Cambrian has been found in Yunnan. 

*J.W. Gregory and B.B. Barrett. ‘^General Stratigraphy,” 57 (1931). 

*T. Kobayashi. Rep, XVI th. Internal. Oeol. Congres, Washington, 1933. 

•F.B. Cowper Beed. Poki»d.,Ser. XV, Vol. VII, Mew 1,63 (1910), also Rec., XL, 16-16 
(1910). It has been suggested that the Himalaya geo-synoline was not directly prolonged east¬ 
wards to America but was connected with the latter region via the Arctic by a prolongation 
northwards of the Chinese gulf to coalesce with the eastern side of the Irkutsk basin. Never¬ 
theless, the Middle Gaiubritn of Sibeiiu, little known though it it>, is not as close to that of' 
northern China as might in that case have been expected. 

*F.B. Cowper B^d, Pal. Jnd., New jSsr., Vol. XXI, Mem. 2, p. 1 (1934). 
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• 

During the Middle Cambrian period, the Atlantic province was still distinct, 
Paradoxldes being unknown outside it. The sea which covered southern Europe 
extended eastwards perhaps as far as the Dead Sea, though the fauna of the latter 
area is a liighly specialised one ^ but the strong!y-marked contrast between the 
greater part of the Punjab fauna and the nearest European fauna would beem to 
point to an eftective palaeontological barrier forming the western boundary of the 
Pacific j)rovince which, however, still reached afi far west as southwest Persia. 
On the other hand som(; Euroj>ean connection is suggested by the presence of 
Conocoryphe in Kashmir. The sea in north C‘hina became gradually shallow in 
late Middle and U])per Cambrian times with the deposition of argillaceous beds 
and interformational conglomerates. 

Assuming tlie identification of the jdentiful form in the Upper Cambrian 
of 8j)iti as Oleuus to hav(*. be<*n a mistak(^ tliere is no evidence of a union during^ 
the U})per Cam])rian epoch between the European sea and that of northern India. 
The latter still covered southwest Persia where it afforded a habitation to sjiecies 
of Chmugla ; the Up])er Cambrian of this region is of the order of 2 000 feet in 
thickness and may com])rise several horizons, many of the forms being closely 
related to eastern Asiatic and even north American species.^ 

During the Upper Cambrian ejxxdi, the sea of nortliern India probably still 
preserved its connection eastwards with the Pacific basin which had grown much 
larger covering the whole southern half of North America stretching northwards 
as far as Alaska,® and westwards over north China, perhaps to the south as far 
as Argentina as well as to south Australia and Tasmania.* The mutual distinct- 
tiveness of the Middle Cambrian faunas of China and north America disappeared 
in the Upj)cr part of the period indicating a more open communication between 
the two regions. The Upper Cambrian of China is essentially similar in general 
aspect to that of the Rocky Mountains and upper Missisipjii portions of this great 
basin, the (;haracteristio trilobite of which was Dicellocejyhalus, Towards the 
close of tlie (.^ambrian period the connection between China and the Siberian basin 
seems to have become closer, and it is along this path that Grabau suggests the 
trilobite Ceratopyge migrated from China in Upper Cambrian times and reached 
western Euro])e by the beginning of the Ordovician. 

The volcanic activity in the Bawdwiii and other areas of the Shan States of 
Burma persisted across the Pangyun epoch into the Low;er Ordovician (Pindaya). 
Until the age of the Vindhyan sedimentation has been more definitely determined 
and until more certain correlation between the Vindhyan, Kurnool, Bhima and 
other supposed equivalent deposits has been achieved,it would be idle to speculate 
to any useful extent as to what conditions j)revailed over the Peninsular portion 
of India during Cambrian times. 

1 W.B.R. King. OeoL Mag., Vol. LX, p. 514 (1923). 

• King. Pal. Ind,, Now Ser., Vol. XXII, Mem. 5, p. 5 (1937). 

® T. Kobayshi. Jap, Journ. Oeol. cC? (Jeogr,, p. 40, XII (1935). 

* P.R. Cowper Reed. Rec,, XL, 8 (1910). 
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CHAPTER XVI* 

ORDOVICIAN. 

Distribution. Spiti : . Character of beds; Relationships of the Fauna; Extensions 
souiheastwards and northwestwards. Kashmir. Kumaon. Ngari Khcnrsiim (Httmles)- 
Tibet. Nepal. Afghanistan. Barma : The Northern Shan States ; Position; Sub¬ 
division ; Ngewetaung Sandstone ; Naungkangyi series ; I^ower Naungkan^i stage ; Lower 
Naungkangyis in North Hsenwi; Lower Kaungkangyis in the Bawdwin area ; Upper 
Naungkangyi stage ; western area. Hwe-Mawng stage, eastern area. Hwe-Mawng beds. 
Abundance of life in the Upper Nungkangyi epoch. The Naungkangyi fauna and its rela¬ 
tionship ; Nyaungbaw Limestone. Southern Shan States : Pindaya Beds ; The Pindaya 
range ; Inliers ; The Taung-gyi range ; Exposures further north ; Exposures further south ; 
Exposures east of Taung-gyi; Correlation. Mawsdn Series ; Thitteikkon Sponge Beds* 
Orthoceras Beds. Yunnan. Myitkyina. Palceogeography* 

Distribution*—The Ordovician system has been definitely recognised in 
Kashmiri the Kangra district of the Punjab, Bashahr State and Kumaon—all 
parts of the Himalaya—and in the Northern and Southern Shan States of Burma, 
as well as the neighbouring Chinese Province of Yunnan. Possibly the period 
is represented in the Peninsula by some of the horizons of the Upper Vindhyan, 
which system has already been described. 

SPITI* 

Character of the Beds*—Throughout the Spiti valley in the Kangra district 
of the Punjab Himalaya, the Cambrian beds are overlain by a great system of 
shallow-water deposits, consisting broadly of conglomerates at the base, followed 
by grits passing up gradually into a thick mass of red, gritty quartzite with occa¬ 
sional thin bands of shale, succeeded in turn by impure limestones and shales.^ 
A good section is to be seen near Shian in the Pin valley a few miles south of the 
village of Muth : . 

( i) Shaly limestone, with bracbiopods, gastrop ods and 

corals.. about 30 feet. 

{h) Hard, grey, dolomitic and siliceous limestone with 

grey and green shales. „ dO ,, 

(y) Dark grey limestone, weathering brown, with oysti- 

deanlike bodies above and brachiopods below . ,, 30 ,, 

(/) Dark, festid limestone, with shaly limestone and 

shale bands, brachiopods and trilobites . . ,, 200 ,, 

(e) Shaly and flaggy sandstones and quartiite with 

Ofthis and doubtful plant remains, passing down 
throughl^d and green, thin-bedded quartzites and 

silioeous shales into the red quartzite • . . „ 150 „ 

(d) Red, gritty quartzite. ,, 1,500 ,, 

(c) Grit and quartzite, passing downi hto coarse conglo¬ 
merate alternating with quartzite ... 99 100 ,, 

(6) Conglomerate composed of fragments of white 
quartz, often angular, in a fine-grained slaty 

matrix . . . . . . * „ 2 „ 

(a) Coarse, reddish and purple conglomerate . . ,, 73 

(Cambrian purple quartzite, with slate containing 
fragments of trilobites.) 

A fault separates the basal conglomerate from the Cambrian quartzite in this 
section but does not affect to any extent the normal sequence which is identical 
with that seen in unfaulted sections high up among the hills to the W.S.W. of 
Math. 

iB.H. Hayden. Mem., XXXVl, 20 32 (1904). 
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In unfaulted sections the conglomeratic beds lie unconformably upon the 
Cambrian and show a certain amount of variation both in character and thickness. 
In the Parahio valley, there are two conglomerate bands, which are separated 
from each other by bard sandstones and pale quartzites ranging from about 20 
feet across to a mere thread and sometimes dying out altogether; the lower band 
contains in addition to pebbles of quartzite most of which range from three to 
six inches in diameter, larger pebbles or boulders of Cambrian dolomite. The 
red quartzite “d’’^ varies a little in colour but is otherwise constant in character 
throughout Spiti and Bashahr ; it is unfossiliferous thick-bedded, and interbedded 
with thin layers of a lighter-coloured shale. 

Towards the top the red quartzite becomes more thinly bedded and is gradually 
replaced by the fossiliferous succession of limestones and shales enumerated 
above. Of these the lowest, ‘‘‘e”, contains impressions of Orthis. including:— 
a form found in the Niti area of Garhwal, Orthis {Dinorthis) thahil Salter; a doubt¬ 
ful Rafinesquina cratera (Salter; also a Niti form; an unidentified species of the 
trilobite Lichas; Pasceolus mellifiuus (Salter) a form of doubtful biological position 
but common to various parts of the Himalaya ; crinoid stems ; and some doubtful 
vegetable remains which it has been suggested may be branches and stems of 
two species of the little-known plant Bythotrephis found in the Ordovician of 
Tonkin and abundant in the Lower Ordovician of North America.^ 

The faetid limestone, ‘‘f”, contains numerous fossils, chiefly trilobites and 
brachiopods, including^:— 

Bryoioa— 

Dianulites yak (Saltor), 

Ptilodiciya {1)ferrea Salter, 

Brachiopoda— 

Orthis (Plectorthis) slracheyl, Reed var. (?) (poorly preserved), 

,, (Ildtertella) cf. sinuata Hall or occidcntalis Hall (two species from the Hudson River 
group), 

,, (Dalmanella) testiidlnaria Dalman, var. h malaica Reed, 

,, (Dinorthis) lhakil. Rood; var. subdivisa Salter, 

„ ,, ,, „ „ striatocostata (?) Salter, 

,, ,, porcata MeOoy, var. peregrina (?) lieod {Orthisporcatal is a variable form 

found in Great Britain and America). 

Triplecia uncata (?) (Salter), 

Leptosna trachealis (Saltor) (common), 

JSowerbyella himalayensis, var. repanda (Salter), 

,, umbrella {^aliov), 

Strophomena chamcerops Saltor (common), • 

,, (?) Salter, 

Rafinesquina muthensis (Reed),’ 

Zygospira (?) sp., > 

Hindella (?) sp. 

Lamollibranchiata— 

Pterinaea thanamensis Reed. ^ 

Gastropoda— 

Lophospira aff. serrulala (Salter) 

Pteropoda— 

Oornulites sp. 

^Probably the remains referred to by Br. B. Sahni as being so badly preserved that theif 
botanical value is very doubtful {Proe. flth, Ind, Sci, Congr. viii (1021). 

*F.R. Oowper Reed. Pal. Ind., Ser. XV, Vol. VII, Mem. 2(1912). 

’A form oomparable to this has boon found in the Orthis bed of tne Neiohia formation 
(Llandeile) of Central China (M.S. Chang. Pal. Sin., Ser, B« Vol. I, Faso., 3, p. 18 (1934B. 

8a 
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Trllobita— 

lUcenus pnnclnhisus Salter (common), 

,, spitienvf} lieed, 

,, brachf/oniscufi Sa Her, 

BrontfMs Billings (common; species found in tho Trenton Limestone of America).. 

Amphns emodi, var, milamensh Reed (common), 

Lichas (Amphilichm) iihetanm Salter, 

Galyrnene nlmlis Salter (oommonl, 

Gheirnruit miiis Salter (common), 

Osfcracodii— 

Eurychillna monticuloides Reed (clo.scl3’^ allied to spoclos from the Trenton beds), 

Kramdla shlanmaitt Reed, 

Primitia emreMi Heed, 

,, gerardi Reed, 

Leperditdia (?) himnlaica Roed, 

Le.perditiaHp., 

Beyrkhia sp. . * 

Above this ‘‘trilobite limestone” ns another limestone which has yielded 
the following few forms : a coral belonging probably to the genus Lyopora ; Orthis 
{•plectorthis) stracheyi Reed ; Ortkis (Dalmnnella) testndinaria Dahn. ? var. Reed ; 
parastrophia imlica Reed ; Menotrypa ^>.,Conradclla aft. obliqua Ulrich & Schoheld, 
a gastropod very closely allied to C, ohliqua from the Black River group of Min¬ 
nesota ; the curious cystidean-like ostracod, Ajndiiwi indicum Reed; and 
pasceolus shimemU Reed, of uncertain zoological position. 

Forty feet of limestone, from which no determinable fossils have been recovered 
intervene between the above horizon and the uppermost horizon; in the latter 
the following forms have been identified :— 

Aotionoioa— 

Strepldtmua aff. comlcnlnm Hall (a Trenton Limestone form), 

Bryo^iOa— 

Atacto2^oreMa sp. (allied to forms from the Trenton and Cincinnati beds of Minnesota), 
Brachiopoda— 

Ortkis (Dahmnella} tesludinaria, Dalman var., 

,, (Dinar this) porettta McCoy vari perpgrina Reed. 

Leptfftn/i rhomhaidalis Wilckcns (the persistent and cosmopolitan form which is found also- 
in the Silurian beds of Spiti), 

Strophomena aif. wisconsinfinsis Whitfield (rather abundant), 

Sowerbyella sercea{1) (Sowerby) (a cosmopolitan form), 

Wndella shiamnsis Rood, 

Gastropoda— 

Lophospira cf. bkincta (Hall) (practically indistinguishable from the Minnesotan form), 
Hormotoma cf. trentoTbensis Ulrich & Scofiold ?, 

Bellerophon sp. •. 

Cephalopoda— 

Oonioceras of. anceps Hall.' 

Trilobita^ 
lUcenus sp. 

To the southeast, in the Thanam valley of Bashahr, occurs a shaly facies of 
this limestone, in whfth bryozoa largely rejdace the brachiopods, gastropods and 
cephalopoda; its fossils include :—a species of Stictopora resembling the New 
York form. 8. elegantula (Hall) ; Ptilopora sp. ; Rhinidictya sp. and doubtful 
species of Phylloporina and Favosites. 

Relationdiips of the Fauna*— The assemblage of organisms in each of tho 
above stratigraphical horizons is appreciably distinct. •Cowper Reed remarks^ 
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that the lithological characters of the beds indicate that the differences in the 
faunas are not directly due to conditions of sedimentatioti, but suggest a true 
faunal series ; very few recognisfiblc sj)ecies range up from one horizon to another, 
except a few cosmopolitan forms which everywhere have a long range. 

Regarded as a whole, the Ordovician fauna of Spiti is obviously an incom¬ 
plete one and generalisations must be looked upon as provisional. As known, it is 
characterised by the predominance of brachiopods, several genera of which are 
uncomtnon (Hindella, Parastrophia, etc,), by the scarcity and small size of the 
trilobites, which are practically restricted to Horizon 2, and by tlie extreme rarity 
of mollusca. The great majority of the species are peculiar to the Himalaya, but 
no less than two-thirds of specifically determinable forms, though not definitely 
identical, show remarkably close affinities with American forms. These American 
relationships separate the Himalayan Ordovician fauna almost completely from 
that of Annam,^ a possible exception being seen perhaps in Calyynene douvillei 
from Annam, which may be a mutation of the Himalayan C, nivalis,'^ Equally, 
notable is the absence of any Europcanaffinities —excluding the presence of cos¬ 
mopolitan species— a trait more striking in view of the fact that the relations of 
the Burmese Ordovician, like those of the Chinese beds, are clearly European and 
not noticeably American.^ The only liurmese element identified in the Himalayan 
Ordovician is the trilobite, pliomem, which seems to be represented by the same 
species ; an allied form has been noted in Korea*. Although no sj)ecies has been 
definitely identified as common to the Himalaya and America, the American 
stamp of the succession of faunas from the former region is unquestionable ; the 
small differences are attributed to ‘'a certain amount of modification having 
taken place in the course of their long migration from America”. 

The great majority of the American allied or re^Dresentative species from Spit^ 
belong to the Chazy or Trenton fonnations, from wliich it would appear that 
the beds from Horizons (e) to (i) are to be correlated with the Middle Ordovician or 
American Mohawkian. The Lower Ordovician may well be i)resent in the unfossi- 
lifcrous horizons (a) to (d). There seem to be no representatives of Ordovician 
horizons higher than the Mohawkian, in spite of the fact that the beds pass up 
with every appearance of conformity into the Silurian. Dr. Cowper Reed notes 
that there may have been cessation of deposilion in this area without erosion, 
but there is no suggestion of such local interruption in the sedimentation, and 
it looks as if the Middle Ordovician type of fauna Juid lasted on until the incoliiing 
of the Silurian.^ 


Extensions southeastwards and northwestwards.— The Ordovician 
varies little throughout Spiti and its outcrop passes southeastwards over the 
dividing range into Bashahr. It can he traced along the left side of the Thanam 
valley to the Hangrang Pass but is of smaller extent in this area than it is in Spiti, 
having been greatly eroded in Permian times; in places the Permian beds are 
seen resting on the Ordovician red quartzite. To the northwest, Ordovician 
4ind Silurian beds are found at Trakse, near Losar in upper Spiti, where they are 

Mansuy. Mem, Sirv, gcol, Indo-Ghine, VII; Faso. 1, p. 3 (1920). 

*H. Mansuy, Ibid., V, Fasc. 4 (1916). 

*F.R. Oowpor Roed. Rec,, XL, 24-25 (1910). 

*T. Kobayashi. Journ, Fac, Sci. Imp, Univ, Tokyo, Sect. IT, Vol. ITT, Pt, 8, 492 (1934). 

*F.R. Cowper Roed. Pal, Jnd„ Scr. XV, Vol. VIl, Mem. 3,167 (1912). 
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considerably crusbed and faulted, but in other respects similar to the succession 
near Muth. From the Knnzam Pass they extend northwards along the left side 
of the Chandra valley, and still further into north Lahaul where traces of Orthis; 
and trilobites are to be found in a light-coloured limestone. 

KASHMIR. 

To the east of Islamabad in Kashmir, a thick series of pale, thin-bedded, slaty 
shales and fine, compacted, impure sandstones was discovered by Middlemisa 
beneath a thin band containing Silurian fossils. The organic remains in this 
“graywacke group** have proved to be so far indeterminable, but they may be 
considered as representing in all probability the Ordovician as well as the Cam¬ 
brian.^ These beds have already been described under the heading of Cambrian 
(see page 585). 

In eastern Kashmir, the beds mapped by Lydekker as Panjals may possibly 
include representatives of the Ordovician. It is not known whether the Ordovician 
is present in the outcrops of Lydekker’s ‘*Panjal system** in the Ladakh range, 
around Pangong (Pangkong or Tso-mo Gmalari), in the Changchenmo and Shyok 
basins, and in the vicinity of Leh and Skardu. 

Over the greater part of the older Palajozoic tract exposed between the Kishan- 
ganga and Jhelum rivers in central Kashmir, the Ordovician system, so far a& 
is known, is unrepresented, the Upper Cambrian lying directly under the Muth 
Quartzite (Upper Silurian or Devonian) or still younger formations. At the 
centre of the Marhaum syncline of Upper Cambrian beds, however, a succession 
of sandy, ferruginous slates, quartzose graywackes and sandstones, occupying 
a small area only, was found by Mr. Wadia to yield Ordovician fossils.® The 
latter are prolific but fragmentary, including proparian trilobites and many orthid 
and strophomenid brachiopods. From a quartzose, gritty, crushed graywacke 
Dr. Cowper Reed has identified the following which, although insufficient to fix 
the precise horizon, suggest the lowest beds of the Ordovician® :— 

Orthia marhaumenaia Beed, 

,, of. ccUligramma Dalm. 

,, {Nicolella ?) ep., 

Leptelloidea (7) sp., 

Crinoid stem-joints. 

A dozen miles or so to the southwest of this area is another somewhat larger 
patch of variegated slates and sandy and calcareous beds containing a prolific 
number of obliterated fossils. These beds, which are doubtfully referred to the 
Ordovician and may include also Silurian strata, occupy the northern limb of the 
Shamsh Abari syncline, and intervene as a wedge between the Upper Cambrian 
blue clays and the Muth Quartzite into which they appear to pass up conformably. 
The rocks comprise irregularly cleaved, green and grey, shaly slate or graywacke, 
with sandy and calcareous partings, lenticular masses of brown dolomitio limestone, 
and a few sands^nes. They are copiously marked by yellow blotches which, 
though undoubtedly representing effaced organic remains, have so far yielded 
no determinable examplefi^. The rocks are everywhere penetrated by large dolerito 
dykes, feeders of the Panjal Trap whose bedded flows tower in precipices above 
the Cambrian-Silurian strata. 


iC.S. Middlemiss. Bee., XL. 211-213 (1910). 

*Bec., LXVIII, 142 (1934). 

*Pal. Jnd., New Ser., Vol. XXJ, Mem. 2 p. 4 (1934). 
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Further southeastwards from the last-described area, another gap intervenes 
on the geological map as far as the classical Niti area of north British Garhwal. 
Here the “Upper Haimantas” are described as passing up into an unbroken 
sequence consisting principally of limestone and quartzite and which Griesbacn 
concluded ranged from “Lower silurian’*, i.e. Ordovician—^through “Upper 
Silurian” (Silurian proper) and Devonian into the middle of the Carboniferous. 
Several members of the succession are fossiliferous, and Griesbach seems to have 
assumed prematurely that the fossils indicated the presence not only of the 
Ordovician, but also of the Silurian (his “Upper Silurian”), Devonian and 
Carboniferous rocks ranging up to a quartzite which in the majority of cases seems 
to have been correctly identified as the Muth Quartzite. The collections of 
fossils from these regions have been carefully examined by Dr. Cowper Beed 
who found all the assemblages referable to the Ordovician. From below the 
Laukpya Lekh Pass were collected a specimen of Encrinus aff. punctatus and 
other scarcely determinable forms suggestive of a Silurian age, but, beyond 
these slender indications, the presence of any beds younger than the Ordovician 
in the particular section of the Himalaya now under consideration, although 
probable, does not appear to be supported by the palaontological evidence so 
far available. 

The so-called “Lower Haimantas,” already mentioned in a previous chapte* 
consist of a great devclojiment of conglomerates, composed of rolled and sub- 
angular fragments, among which quartz and gneiss predominate. The matrix 
in wheih are embedded these boulders, some of them of large size, is a hard, some¬ 
times partially schistose, quartz rock, often of a deep purple colour. In the 
latter case, the lighter-coloured boulders of white and grey quartzite and meta- 
morphic rock stand out conspicuously, and the conglomerate is described as 
identically the same as that seen in the Spiti valley and which, there is reason 
to believe, is the Ordovician conglomerate of Hayden. As the majority of the 
sections of the “Lower Haimanta’’ conglomerate (Dhauli Ganga, Niti, Jadh Ganga 
area, from Milam to the Kali river, etc.) arc characterised by the same peculiar 
colour, it is quite possible that the “Lower Haimanta,’’ so called, has no 
separate existence but is identical with the Ordovician conglomerate. Its bound¬ 
ary with the Vaikrita schists, in that case, might^be a thrust. At Niti, Goting 
and Malari, the purple quartzites and conglomerates of the group under discussion 
are said to rest directly upon thick-bedded granitoid gneiss, and the boundary 
is much affected by granite intrusions. Griesbach’s general section and his 
interpretation thereof (except for the inverted commas) were as follows 

Productus beds 


8. White quartzite (Muth Quartiite)—350-800 feet. 

7. Red Orinoid limeitone—350-700 feet but with an 
additional underlying stage of blue-grey earthy 
litnojtono in the southeastern parts, totalling 
1,200 to 1,400 feet. 

6. Dark Cora! limestone—650-700 feet in the Niti 
area, but said to be much greater else whore • 

5. Flesh-coloured and brown quartiitos—1,000-1,200 
feet in the Niti sections, but much greater else¬ 
where • 


Upper ■ 
Lower 


“Carboniferous.** 


“Devonian.” 


“Upper Silurian.** 
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“Lower Silurian.** 
(? Cambrian). 

After comparing Griesbacli’s interpretation of the Pinvalley sequence in Spiti* 
with that of Haydens* regarding sections in the Parahio and Pin valleys, which 
was founded upon more detailed work and irrefutable fossil evidence, two con¬ 
clusions seem definitely permissible, it being remembered at the same time that 
the Pin section examined by Griesbach was probably not identical with the Pin 
section described by Hayden but lay on the opposite bank of the river. In the 
fi rst place, Griesbach’s groun (4) has yielded in the Chorhoti Pass a fauna very close 
o that of stage (/) in Spiti, the “foetid limestone” of Hayden, and including 
hree forms from stage (e) just below it. We may with some reason, therefore, 
assign Griesbach’s No. 4 grouj) (his “Lower Silurian”) to stage (/) or to stages 
(e) and (/)—of the Sxiiti Ordovician. Secondly, it is impossible to overlook the 
lithological similarity of Griesbach’s group (5) (his—Upper Silurian”) to stage 
(d) of Hayden’s Spiti section. If these are equivalents, we must assume that the 
sequence in Kumaon has been disturbed by folding or thrusting and that group 

(5) lies stratigraphically under instead of above group (4), its fossils, which are 
Ordovician, are, however, mostly identical with those found in group (4), and the 
fauna of both groups will be considered as a whole, the mutual relationship of 
the two groups being left for further investigation. 

Whether Griesbach’s “Dark Coral limestone” (Group 6) represents any of 
the higher Ordovician stages of Spiti, or the “Grey limestone with well j)rc8CTved 
corals”—tne basal Silurian bed of Spiti—it is impossible to say ; it is thick enough 
to represent all these stages, and may well do so as there is no recorded gap in the 
sequence even in Spiti where the Ordovician-Silurian boundary is drawn below 
the first appearance of Silurian corals. It is possible, in other ords, for Group 

(6) of the Kumaon area to embrace the uppermost three stages of the Spiti Ordo¬ 
vician (p), (A) and (i), plus the lowest stage of the Silurian, No. 1. 

The description of Griesbach’s group (7)—the “Red Crinoidal limestone”— 
reads not unlike stages (2) and (3) of the Spiti Silurian and, since it occurs 
repeatedly just below the white quartzite (Muth Quartzite), it and the latter will be 
considered under the heading of Silurian. 

As a provisional procedure, until a re-survey of this tract is made, it is pro¬ 
posed to describe under the title of Ordovician the beds mapped by Griesbach 
as “Silurian”, both “Upper” and “Lower.” This group has been traced from 
the Shanki stream, west of the Niti Pass in north Garhwal, as a winding or 
zigzagging strip with a general N. W.—S. E. strike, southeast wards as far as the 
Kali river; which is the western boundary of Nepal. This band-like outcrop, 
*^which is not far from the Tibetan boundary, averages about two miles in width 
and occasionally sends off branches ; it is at first displaced by a few small dip 
faults and is interrupted for six or seven miles by a large strike fault above the 
Milam glacier, but becomes more regular and uniform in the Almora district, 
where at the same time a secondary belt and small inliers in younger rocks make 
their appearance to the northeast. 


4. Coral limestone 

3. Upper 
2. Middle 
1. Lower 


} 


“Haimanta** 


XXIII. 212 (1891). 
XXXVI, 22,24 (1904). 
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The so-called ‘‘Upper Silurian*’ is described as consisting of evenly-bedded, 
dirty pink to flesh-coloured quartzites, with greyish green, friable shales dividing 
them. In the Niti area, the thickness of this state varies from 1,000 to 1,200^ 
feet—figures comparable with the thickness (1,500 feet) of its suggested Spiti 
equivalent, the red quartzite. It differs from the latter, however, in possessing 
abundant traces of organic remains. Whatever may be its equivalents elsewhere, 
there is no doubt regarding its Ordovician age. Forms labelled as commiiig from 
exposures of this group in the Silakank Pass, in the Dharma. Pass, in the Mar- 
chauk Pass and in the Mankshang Pass exhibit a palffiontological facies which 
is wholly Ordovician and about which there is nothing to suggest a Silurian age.' 

In considering the so-called “Lower Silurian”, we are on just as firm ground. 
This is a dark limestone—described as a “coral limestone”—with many fossils 
which in most cases are imperfect but which in the upper horizons of the stage 
are often well preserved. It is said to pass down and alternate with the “Upper 
Haimanta”, and to pass up and alternate in the same way with the flesh-coloured 
quartzites. However this may be, there is no question of its Ordovician age, for 
the facies of its fauna, like that of group (5), is wholly Ordovician. In the Niti 
and Milam areas, the thickness of this stage is 300 feet, and this is about the average 
figure in undisturbed sections elsewhere. It is well seen in the lower slopes of 
the Silakank peaks (19,265 feet), and a belt of it and the red quartzite forms part 
of the great triangular cone of Painkanda (19,340 feet), and sweeps round the 
northern buttresses of Dunagiri (23,184 feet). 

With slight modifications in the terminology, the following is a list of 
forms obtained at various times and by various observers from both groups (4) 
nnd (5) and from horizons not specifically mentioned, the majority from the 
•chorhoti Pass.® 

Actinozoa— 

Hellolites depauperata Salter« 

Bryojsoa— 

Dianulite^ ytih Salter. 

BhiniliciU/a plumula (Salter) (oomparablc with a form in the Xaungkangyi beds of Burma). 
Graptodictya griesbachi Reed. 

Liodema indicum Reed (7). 

Crinoidoa— 

Orinoid stems. 

Bracliiopoda— 

Lingula kali Salter, 

,, ancyloides^aMctV, 

Orlhis {DaltmnelM) tihetica Salter, 

,, {Dinorthh) thakil Suitor, vav. convexa Salter (having strong resemblances to the 

British 0, flahellulum Sow., and to the Trenton species 0. pextinella Emmons), 

Or this [Dinorthis) thakil Salter, var. striatocosiata Salter,® 

,, ,, ,, ,, var. Salter, 

,, ’ ,, ,, Var. Salter, 

,, „ porcata McCoy, var.. 


iF.R. Oowper Rood. Pal. Xnd., Sor. XV, Vol. VII, Mom. 2, 152 (1910). 
aSoe F.R. Cowpor Reed. Pal. Jnd., Ser. XV, Vol. VIl, Mem. 2 (1910). 

striatocosiata variety also boars a strangely close resemblance to Siroplieodonta an^ 
mamitica Mansuy from Devonian bods in Tonkin; this brachiopod was at iirst described as 
OrUkis (Dinorthis) annamitica and appeared to bo somewhat of an anachronism (sec Mem. surv,p 
jgeol. Indo Chine, V, Faso. 4, p. 3). A similar very close ivsemblance has been quoted by Mansuy 
between another braohiopod from the same Tonkin Devonian, Bajinesquina orientalis, and i?. 
^neatissima Saltor from the Kumaon Ordovician. 
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Seenidium comptum Salter, 

TfipZecta uncafa (Salter), 

Leptcena trachealia (Salter), 

„ Aalo (Salter), 

Strophomena ckamaeropa (Salter), 

Bafineaquina (tranea (Salter), 

„ lineatiaaima (Salter), 

,, (T) wubigana ( Salter), 

„ (?) cratera (Salter), 

Plectambonitea deirita (Salter), 

Sowarbyella himalayenaia (Salter), 

,, ,, var. repanda (Salter) (found also in the Naungkangyi beds of 

Burma), 

„ „ var, (Salter), 

„ umbrella (Salter), 

Chriatiania nux (Salter), 

Bhynchotrema cf. dentata Hall (a Trenton Limestone species), 

Lamellibranchiata— 

Ctenodonta ainuoaa Salter, 

QyrUtdonia gerardi Reed, 

„ (?) imbricatula Salter, 

,, ,, var. coatulata Salter, 

Sajfordia (?) marchaukenaia Reed (a Hudson River group genus), 

Pterinea sp. 

Gastropoda— 

Lophoapira himalenais (Salter), 

,, pagoda (Salter) (found also in the Middle Ordovician of southern Cho-sen),* 
-Cotowano (Salter), 

Lioapira emodi (Salter) (close to L. micula Hall a oharactoristio Trenton species, and (till 
closer to L. deciplena Ulrich from Minnesota),- 
Trochonama humifusa Salter, 

Oydonema aubteraulcata Salter, 

,, rama Salter, 

Holopea (?) varicosa Salter, 

Raphiatoma hhndlaleum Rood (very close to B. mutans Koken from the Orthoceras Lime¬ 
stone, and to JR. Jeatoi Kob. and R, corcanicum Kob. from the Middle Ordovician of 
southern Cho-sen),® 

BeHerophon ganesa Salter, 

HycMthealineolatua (Salter), 

Tentaculiiea sp. 

Cephalopoda— 

Orthoceraa kemaa Salter, 

,, striatiaalmum Sal tor, 

Oyrtoceras (Ooceraa) centrifugum Salter, 

Trocholiteajuliformia Salter undoubtedly allied to T, ammoniua Conrad, from the Trenton 
Limestone)^ 

Trilobita— 

Aaaphua emodi Salter (not unlike ParahailUcua yamanarii Kob. from the Middle Ordovician 
of south Cho-sen) ,* 

Aaaphua emodi, var. milamenaia Reed. 

Jllcenus brachyoniacua Salter, 

,, punetuloaua Salter, 

Lieluaa (Amphilichas) tihetanua Salter (close to the Ghazy species L, minganenaia Billings),' 
Calymene nivalia Salter, 

Sphmrexochua sp.,^ 

Cheirurua mitia Salter, 

Pliomerd (Encrinureitta) cf. inaangenaia Reed (species found in Burma). 

Proaopicua mimua Salter (a peculiar form both gonorically and specifically; a species of 
this genus has been found in the Ordovician of western Annam and named 
P. Oheiruroidea Mansuy).* 

^T. Koboyashi. Journ* Fac. Sci, Imp. Univ. Tokyo, III Pt. 8, 365 (1934). 

»T. Koboyashi, Joum* Foe. Sci, Imp. Univ. Tokyo, Til, Pt. 8, 373 (1934) 

*T. Koboyashi. Journ. Foe. Sci. Imp. Univ. Tokyo, III, Pt. 8, 481 (1934). 

*Salter names the species S. idiotea, but the state of preservation seems to be too poor for 
the establishment of a species (see Cowper Reed, Pol. Xnd., Ser. XV., Vol. VII, Mem. 2, 105 
(1912). 

•H. Mansuy, Mem. Serv. gaol. Indo-Ohine, VII, Paso. 1, p. 2 (1920). 
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iDoreatae sedis^ 
ischadiita (?) (Salter), 

Paaceolua melUfluua (Saltor). 

Plantse— 

By^otrephia sp. 

A large proportion of the Niti forms are characterisitic of the foetid limestone* 
horizon ‘(f)* in Spiti; only three species have been recognised in other Spitu 
horizons and these are all restricted to horizon (e). It is, therefore, to be concluded 
that the beds in the Niti area from which fossils have been collected belong to the 
lower Spiti horizons; the same conclusion may be drawn provisionally regarding 
most of the other fossil localities. 

Southeastwards, the Niti band has been cut out by a large fault, but re¬ 
appears two or three miles east of Shillong Talla, whence it has been traced south- 
eastwards for another forty-five miles through the Bhot Mahals, t.e., the eastern 
corner of British Garhwal—as far as the Kali river. Fossils have been obtained 
mostly from a tough, flaggy, impure quartzite exactly similar to one seen in the 
Chorhoti Pass; they consist almost entirely of Niti forms, the best known fossil 
localities being the Lissar and the Dharma Ganga valleys. 

To this band probably belong the greenish and grey marly limestones, underlain 
and overlain by calcareous sandstones or quartzites, recorded by Messrs. Heim 
and Gansser from the neighbourhood of Garbyang in the northeast corner of the 
Almora district, east of the Dhauli Ganga. Both sandstones were found to be 
fossiliferous, the upper yielding a few of the fossils mentioned above and in addi¬ 
tion : Orthothetes pecten Sow., 0. orbignyi Dav., land Leptwna sphwrica Jeann.^ 


NGARIKHORSUM (HUNDES), TIBET. 

The “Coral limestone” and dark greenish elay-slate of the Kumaon Ordovician 
(“Lower Silurian”) were recognised by Griesbacli* at the top of the Tsang Chok 
La in Ngari Khorsuin, north of the great Mana and Gangotri glaciers of 
Garhwal. In this pass, the beds, from which fragmentary corals were collected, 
occur between tlie red quartz shales forming the top of the “Haimanta” sys¬ 
tem and the easily recognisable dirty pink quartzite and greenish-grey shales 
of the so called “Silurian” ; the latter are being considered provisionally in this 
chapter as basal Ordovician though placed by Griesbach above the “coral limes¬ 
tone” and called by him “Upper Silurian”. 


NEPAL. 

On the crest of the Chandragiri Pass, few miles W.S.W. of Kathmandu, Messrs. 
Sutton Bowman and Auden have both collected cystids and Orthis from a lime¬ 
stone which Medlicott had suspected of being crinoidal in character. The age 
of the limestone must be Lower Pateozoic and is probably Ordovician. This 
ocGurrence is of unusual interest since it lies in the Lesser Himalaya, on the Indian 
side of the Great range.® 


^Denkschr, d, Schweiz, Naturf, Qcsella,, Bd. LXXIIT, Abh. 1, p. 121 (1939). 
*Afem., XXIII, 202 (1891). 

»JB. Auden, Rea,, LXIX, 140 (1935); ^Turrent Science'*, 111, 290. January, 1935. 
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AFGHANISTAN. 

Some greatly indurated beds consisting of hard, dark blue slates with bands 
and patches of white quartzite form the Surghar hills and the main axis of the 
safed Koh, of which the Surghar hills are the continuation, in eastern Afghani¬ 
stan. These beds dip steeply to tllte north and are faulted against the Trias; 
they have been referred by Hayden to the older Pateozoic but their precise age 
is unknown.' 

Some of the slates of the Kalu series in Afghanistan may possibly be of Ordo¬ 
vician age (see p. 458), but no fossils have up to the present been found therein. 

BURMA. 

The Bawdwin Volcanic series, which, there is every reason to believe, range 
up into the Lower Ordovician from horizons which may possibly belong to the 
Cambrian, has been described in the preceding chapter, where also have been 
<;onsidered the Pangyun beds whose age may prove to be partly Ordovician as 
well as Cambrian. Fossiliferous Ordovician beds were first investigated in the 
Northern Shan States of Burma, whence the beds pass southwards into the Southern 
Shan States and northestwards into Yunnan. 

NORTHERN SHAN STATES. 

Position.—The largest Ordovician outcrop in the Northern Shan States occurs 
^ast of Mandalay. This is continued northwards and then southeast wards as 
a narrow: interrupted bands separating the Chaung Magyi exposure from the Silurian 
or from the Devonian where the Silurian is missing. Soon the strike curves round 
^gain to a northeasterly direction, completing the curious double knee-shaped 
bend of the rock outcrops already noticed, past Hsipaw, opposite which the beds 
are exposed as inliers beneath the Silurian. East of Maymyo, a N.—S. inlier of 
Ordovician and Silurian occurs in the plateau of Devonian limestone—the lower 
portion of the Plateau Limestone formation—the Ordovician being faulted along 
its western margin against the Devonian. Restricted bands, disturbed by dip 
faults, occur along both the eastern and western margins of the Chaung Magyi 
inlier of Mong Tung, and around other irregular inliers of the same ancient rocks 
further to the northeast, A narrow band of fossiliferous Ordovician beds, passing 
down with apparent conformity into the Pangyun formation, continues for some 
thirty miles to the northeast of the Bawdwin area, approximating closely to the 
trend of the Chaung Magyi rocks, before finally disappearing beneath the Plateau 
Limestone in North Hsenwi, about latitude 23°30'; this point, about twenty 
miles from the Chinese frontier, is the most northerly known occurrence in the 
Federated Shan States. 

Subdivision. —The system has been divided by LaTouche® into five groups, 
two of which are merely local, and two others of which may be niore or less mutually 
•equivalent. By assuming the approximate equivalence of the latter the groups 
become reduced to four as follows ; 

(4) Nyaungbaw Limestone (local); 

(3) Western area :—Upper Nuungkangyi stage; • 

Eastern area:—Hwe-Mawng Purple Shales (partly or wholly homotaxial with the 
Upper Naungkangyi stage); 

(2) Lower Naungkangyi stage; 

(1) Ngwetaung Sandstones (local). 


lAfem., XXVIII, 103 (1900). 

•ifem., XXXIX, Pt. 2,66-66 (1913). 
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Ngwetaung Sandstones. —What is thought to be the lowest group is exposed 
as a small outcrop about twelve miles east of Mandalay on the hill known as 
Ngwetaung, of which it forms the crest and western slope. On the west, it is 
faulted against Devonian (“Plateau”) limestones; eastwards, it passes under 
the Naungkangyis. The beds consist of coarse to fine-grained, lirown sandstones, 
sometimes enclosing thin lenticular bands of limestone. Scattered fragments of 
crinoid stems and a few ill preserved speidmens of a small Orthia, thought to be 
O. (Dahutnella) leMudinaria Dalman, are recorded by LaTouche. Possibly the 
Ngwetaung Sandstones are represented farther to the norlli, near Taung-gaung, 
and also on the southern slopes of the Loi-len range east of Lashio. In the former 
locality they appear to be iinfossiliferous, but in the latter one or two specimens 
of Orthis (cstudhiaria have been found. 

Naungkangyi Series. -Thc Naungkangyi series has yielded many charac¬ 
teristic Ordovician fossils and has been divided provisionally by LaTouche into 
an ujiper and a lower stage. Further subdivision will be possible when it is known 
to wliat extent the somewhat marked local differences in the fauna are due to 
inadequate fossil-collecting, to contemporaneous variation in conditions of deposi¬ 
tion, or to difference in horizon. Generally speaking, the brachiopods show a 
preference for calcareous sandy beds and the cystideans and trilobites for argilla¬ 
ceous deposits. Nevertheless, trilobites.occur in large luimbei’s also in the sandy 
beds, though always in fragments. The bauds of limestone in the shale are to 
a large extent composed of crinoid ossicles and are in fact little more than a cemented 
crinoid sand. These Ordovician seas evidently possessed an exceedingly rich 
crinoid fauna of which these ossicles arc the only relics. 

Lower Naungkangyi Stage. —The more westerly outcrops of the Lower 
Naungkangyi stage are composed of yellow or l>uff-coloured sandy marls with 
strong lenticular bands of coarsely crystalline limestone, all containing fossils. 
The marls, when excavated to a sufHcient depth, sometimes pass into solid limestone, 
and may very possibly be the remains of limestones from wliich most of the cal¬ 
careous matter has ])een leached out by weathering. In the eastern ranges, around 
Mong Tung, near Mong Yai, cast of Lashio, and to the north of the Nam Yao valley, 
limestone is entirely absent, the rocks consisting of homogenous, yellow or buff- 
coloured, soft, sandy marl, from which friable casts of fossils can with difficulty 
be collected intact. The dip is apt to be high and both beds and fossils are usually 
crushed and distorted, but the band, though not commonly exceeding 200-300 
feet across, is surprisingly persistent. From the various exposures of this Lower 
stage the following assemblage has been obtained^:— 

Cystidea— 

(n) (s) Arlstocystis dagon Bather (thisgeiiiiM is known in the Upper Ordovician of Bohemia), 
(n) (•*) Heliocrinus fiscella Bather (this genus and that of Protocrinus are especially charac¬ 
teristic of the Lowvr Ordovician of northern Kurope), 

(n) (s) Hdiocfinus rugatm Bather, 

(n) (s) ,, qualuft B«ithcr, 

Echinoenrrinas aff. Aenckenbergl H. v. Meyer (species found in the Lower Ordovician 
of north Europe), 

Cheirocrinns (?) sp, 

(d) (a) Caryoctinus turbo Bather, 

(n) (s) ,, avellam Bather,* 

(n) (s) »> anrota Bather, 

(n) (s) Protocrinus sparsiprus Bather, 

Orinoid ossicles in abundance. 


^F.R. Cowper Reed. Pal, had,. Now Sor., Vol. II, Mem. 3(1006); Vol. VI, Mem. 1,1-5$ 1916) 
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Bryozoa— 

Escharopora sp. (one of the forms from Kiti probably belongs to this genus but not to 
the same speoies), 

Bhinidiciya of. plumula Salter (found in the Ordovician of 

(n) Oraptodietya birmanica Beed (allied to O. proava (Eiohwald) of the Baltic provinces), 
(n) Phylloporina orientdlia Reed, 

(n) (s) Diplotrypa{Me90trypa ?) aedavenaia Beed resembling two Trenton Limestone forms), 
(s) Fiahdipora sp, 

Braohiopoda— 

(s) Scoizoireta st elliptica Kutorga (found in the Ordovician of Russia), 

(s) Bafineaquina imbrex Pander (typical of the Lower Ordovician of northern Europe and 
found also in America; this species is much the same as B. lineatiaaima from Niti), 

(n) Bafineaquina aubddtoidea Beed close to B, ddUndea from Russia), 
v(n) Sotrerbyella led€tensia Reed (^^Leptcana ledetenaia**), 

Sotverbyella quinquecoatata (McCoy) (found in the British Isles, Russia and Australia, 
allied to 8. himlayenaia from Niti), 

Sowerhyella aericaa (Sow.) (a species well known in the British Ordovician, and found 
also in China and in Australia), 

Orthia calligramma Dalman found in Britain, China, Siberia and elsewhere; the 
commonest fossil in the Kiau-tshang-pa Limestone)^, 

„ (Ddlmanella) teatudinaria Dalman (a cosmopolitan form), 

„ „ elegantula Dalman (a cosmopolitan form), 

(n) M {Dalmanella f) chaungzonenah Reed (an abandant form, with cosiderable 
resemblances to 0, thakil var. auhdiviaa from Niti). 

„ (Dinorthia) flabellulum Sowcrby (typical of the Bala series, especially of the 
Middle Bala of Europe), 

• (n) „ irravadica Reed (closely allied to 0, moneta Eichw. from the Russian Ordovician), 

(n) ,, aubacrateroidea 

(s) Olitambonitea cf. pyron Eichw. (occurs in the Echihosphserite Limestone of the Baltic 
provinces), 

Olitambonitea cf. aquamata Pahlen (occurs in the Echinosphserite Limestone; a similar 
form is also found in the Ordovician east of Nankin), 

(s) Porambonitea intercedcna Pander (found in Russia and Southern Shan-si). 'v 
Xamellibranchiata— 

(n) Modiolopaia thehawi Reed (closely allied to M, reedi Kob. from the Middle Ordovician 
of southern Oho-seu), 

(n) Otenodonta ahanenaia Reed, 

Oastropoda— 

Eotomaria sp« 

Cephalopoda-— 

TrocMitea sp. 

Trilobita— 

(n) Oalymene birmanica Beed (closely resembling 0, parvifrona, var. murchiaoni Salt 
from the Lower Ordovician of England, and in some respects 0, nivalia from Niti), 
(n) Oalymene oldhami "Eieed, 

Bemoplewridea sp. 

Aaaphua of. devexua Eichw. (species found in the Baltic Provinces), 

Megalaapia sp. 

(n) Oheiruruadravidicua'Reed. 

Inoertm sedis—* 

Oydoernua of. apaaahi Eichw. (species found in the Ordovician of Russia). 

(n)=s Species new at the time of their determination 
(8)=Found at Sedaw 

The rocks at the different localities vary in lithological character, and in many 
•oases 'particular organic forms are restricted to one locality; it is, therefore, ex¬ 
tremely difficult to correlate the many scattered occurrences. On of the most 
prolific fossil localities is that of Chaungzon, near the railway-line west of Gokteik 
•where the facies of the fauna is particularly rich in specimens of Of this. At Sedaw, 

Kobayashi has named the oriental varieties of this form, '*Orthianipponiea** Jaum* 
J\ie. Set., Imp, Univ. Tokyo, III, Pt. 8,339 (1934). 
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on the lailway-line between Mandalay and Maymyo, the fossils weather out as 
hard limestone nodules^from a thick band of papery shales which have been met 
with nowhere else. The commonest fossil of this locality is the bryozoan Diplotrypa, 
«nd most of the cystideans enumerated above also occur; this rich cystidean fauna 
is not known elsewhere except at Shih-tien in western Yunnan. 

The Lower Kaungkangyi stage rests in most cases unconformably ux>on the 
unfossiliferous Chaung Magyi series, generally without basal conglomerate or 
sandstone. LaTouche suggested that the direction in which land lay was in 
all probability to the-west and northwest—a conclusion he thought deducible from: 
(i) the thickening of the Naungkangyi sediments in that direction; (ii) the presence 
of the Ngwetaung Sandstones at their base here; and (iii) the absence of sedi* 
mentary depositis throughout the whole of the Falseozoic and Mesozoic periods over 
the large area of crystalline rocks northwest and north of the Shan States. The 
ovidence supporting this conjecture, however, is capable of a modified inter¬ 
pretation, and it is probable that land lay at no very great distance both to the 
east and to the west; all that can be concluded with some degree of certainty is 
dthat the Naungkangyi sediments were deposited in an open sea of uniform depth, 
with no land in the immediate neighbourhood. ^ 

Lower Naungkangyis in North Hsenwi. —In the western half of North 
Hsenwi, the Pangyum beds are seen passing up with every appearance of conformity 
into fossiliferous Naungkangyi sediments consisting of greenish grey, sandy shales 
and fine-grained, buff sandstones. Among the fossils have been recognised; 
4Jalymene bimmnica^ Orthis (Dealmanella) teslttdinaria and Aristocyesiis dayon. The 
equivalent of the next succeeding formation, the Namhsim Sandstone (Silurian), 
is present as a thin but continuous band between the Naungkangyis and the 
Plateau Limestone, except at the extreme northeastern termination of the belt 
of lower Palneozoic outcrops, where the Ordovician beds are overlain directly by 
the Plateau Limestone.^ 

Ordovician rocks have been recorded by Dr. M. R. Sahni^ along the axis of a 
dome-shaped inlier which includes also unfossiliferous beds presumed to be of 
Silurian age, some six miles S.S.W. of Kautkai in North Hsenwi. The older series 
-coiisists of yellowish brown sandstons and lenticular bauds of limestone containing 
an assemblage of fossils suggestive of a Lower Naungkangyi age and including : 
Rajinesquina imbrex^ Aristocystis dagon, Orthis sp., and Cyathophyllum (?) sp. 

Lower Naungkangyis in the Bawdwin area. —In the Bawdwin area also 
the Pangyun series passes up conformably into the Naungkangyis which border 
the former in a N.-S. belt along its eastern boundary; northwards, this belt thins 
out and disappears below the overlying Plateau Limestone, to reappear after a 
short interval, striking to the northeast. The beds include typical yellowish and 
reddish brown marls croweded with fossils—cystidean plates and Rajinesquina 
being the commonest—massive reddish purple sandstones with ripple-markings, 
bleached brown marls with Strophomena and other fossils, and characteristic pink 
mudstones crowded with brachiopods, cystid plates, crinoid stems and bryozoa.’ 


iGfen. Rep. Rec., LXV,87 (1931). 
LXVII,45(1933). 

* J. Goggin Brown. Ree. XLVni, 160 (1917). 
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Upper Naungkangyi stage. —The Upper Naungkangyi stage is much more 
widely distributed than the Lower, and presents two lithological varieties, one 
comprising all beds of this age west of Lashio, fringing the eastern and southern 
boarders of the old Chaung Magyi land surface, the other predominating in the 
eastern ranges. The western type consists of peculiar argillaceous shales and 
claystones often resembling lithomarge in texture and presenting a great variety 
of colours ranging from red, through lavender, orange and yellow, to pure white. 
The beds show evidence of intense crushing which has produced a kind of incipient 
cleavage, and has distorted the fossils. East of the Gokteik gorge, the topmost 
bed is a thin band of claystone of a conspicuous, dark purple colour, often passing 
laterally into phacoidal, argillaceous limestone ; this band is only a few feet thick 
but very persistent over a w’idc area and is not know'ii west of the gorge. The 
eastern type consists of similar purple claystones; these arc the Hwe-Mawng 
beds mentioned above. Trilobites have been found in the Hwe-Mawng beds 
identical with trilobites occurring in the variegated shales of the western, type, 
below the thin purple l)and of that region, so that the Hwe-Mawng purple clay¬ 
stones appear to be facies of the Upper Naungkangyi variegated shales with 
which they must have been, to some exteht at least, contemporaneous. The 
following fossils have been obtained from the tw’o types 

UPPER NAUNGKANGYI STAGE, WESTERN AREA. 

Cystidea— 

Udinocrinus sp., 

Echinoencrinm of, angulosHs rander [found in the Vaginatonkalk (Lower Ordovician^ 
of Petrograd], 

,, afiF. senckenhtrgi IS. v.. Meyor (species found in tho Lower Ordovician of 
northern Europe), 

Caryocrinus of. aurora Bather (a Lower Naungkangyi species), 

Bryozoa— 

Phylloporina sp. (differing from the Lower Naungkangyi species)^ 

Ptihdtclya sp., 

Rhinidictya ef. phmttla Salter (a Lower Naungkangyi species, found also in the- 
Ordovician of Niti), f 

Coeloclema (.?(perplexum Reed (a genus found in the Ordovician and Silurian of the- 
Baltic provinces), 

Ceramopora, sp. (allied to C. spongiom Basslerfrom Esihonia), 

Rhopalofharia asiaiica Reed. 

Brachiopoda— 

cf. Sowerby (species found in the Lower Ordovician of Great Britain^ 

^ and in the Orthoceras Limestone of the Baltic region), 

Rafinesquina subdelioidHa Reed (a Lower Naungkangyi form), 

Sowerbyclla ledeteTisis (Reed) (a Lower Naungkangyi form), 

,, quinquecosfata McCoy (a Lower Naungkangyi form), 

„ sericea Sowerby (a Lower Naungkangyi form), 

Leptelloidea aff. llarideiloensis (I>av.) (probably identical with Chonetoiden {Aeglria) yeoat^ 
nesia Reed, from the Pindaya beds of the S. Shan States), 

OrthU (D^fnandh^ teatudinafia Dalmon, var. ahaytenaia Reed, 

„ (Dinorlhia) porcata McCoy, var. hirmanica Reed, 

»» , »» . fiahellvlum Sow. (a Lower Naungkangyi form), 

„ irray€tdica Reed (a Lower Naungkangyi form), 

„ ealUgramma Dalm., aff. var. aowerhyama Dav. (distinct from the Lower Naunc- 
kangyi form), ® 

„ (Platystro^ia) biforata (Schloth.), var. ? (a European species), 

OlUambonitea cf. aqmmafa Pander (a Lower Naungkangyi form), 

Strophamena sp., 

(n) Porambonhea aiwuatua Reed (resembling P. brdggeri Lamanaky from the lower 
Ordovioian of Russia). 

‘ F. R. Oowper Reed. Pal, Ind,^ New Ser. Vol. VI, Mem, I, 62-66 (1916). 
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Lamellibnuiolii»tft— 

ShmUma vioHoidea Reed (a new genua)» 

Pteiopoda— 

(n) HyolUKu (Orthotheea) irravadieua Reed 
(n) „ „ loezyi Reed. 

Trilobiti^ 

Manu^pileiuridea sp., 

Mnerinurus sp., 

(n) Odlymene birmanica Reed (a Lower Xaungkangyi form), 

Pliomera (SncHnurella) inaangtnaia Reed (the oommonest trilobite in the Upper Naang* 
kangyiB; the pygidia are found in Niti), 

Spktsroeorpj^ Bp., 

Apnostus gUtbraius Angelin (species found in the Orthoceras Limestone of Sweden), 
Ampyx aff. macallumi Salter (a British species), 

Harpea aff.flanagani Forth (a British species), 

Ptyekopyge 7 sp. (allied to three Baltic species), 

(n) Jlkanua liluenaia Reed, 

(n) Holomeiopua wimani Reed (allied to a Scandinavian form), 

Liekaa (Meiopolichaa) aff. verrucosus Eichw. (species found in the eastern Baltic), spp, 
(n) Cfoiytnene (PAarostoma) liluensis Reed (allied to C. nieskotoskii Schmid from the Baltio 
provinces), 

CfjCnrurua aubmitis Reed (allied to C. tnilis Salter of the Himalayan Ordoviolan), 

(n) Pkaeopa {Pterygometopus) dagon Reed (resembling P. sclerops Dalman from the eastern 
Baltio; genus strictly confined to the Ordovician). 

O^halopoda— 

Turrilitea sp. 

Ostracoda— 

PrimUia aff. mundula Jones (a widespread form), 

KrauaeUa sp. (much resembling K. arewita Ulrich, a Teuton form). 

HWE-M^WNG STAGE, EASTERN AREA. 

Bryoaoa— 

Ptilodictya sp. (same species as in the western area), 

Braohiopoda— 

Orihia {Dalmanella) testudinaria, var. shanensis Reed (found also in the western area) 

,, auJberateroidea Reed (a liOwcr Naungkangyi form). 

Stropheodonta aff. corrugatella (Dav.) (species found in Tyrone). 

SowerbyeUa, aericea Sow. var. (species found in western area). 

Chariatiania tenuiciTicta (McCoy) (a British form). 

Lamellibranohiata— 

Shanina vlaatoides Reed (found also in the western area). 

Pteropoda— 

(n) Byolithea clivei Reed (resembling several European species), 

,, {Orthotheca) loezyi Reed (found also in the western area), 

„ „ advena Reed, 

Gastropoda— 

Platyeeraa yulei Reed (closely resembling P. canaliculatum Lindstr. from the Orthoceras 
Limestone of the Baltic region), 

Bellerophon {Sinuitea) sp. 

Nautiloidea— 

Trocholites cf. remelei Schroder, (a European species). 

Trilobita— 

Ampyx roatratua Sars, var. shanensis Reed (much resembling a form from Waterford). 
Dionide hybfida Reod(very like D.formosa Barrande from the Ordovician of eastern Yunnan). 
Aaaphua of. omatus Pomp, (a Baltio province’s species), 

Ogygitea birtnanieus Reed (Mr. Y. U. Sun has re-named this Birmanites birntanicua,* 
Ptychopyge thebawi Reed (resembling Pt. lawrowi (Shmidt) and others from the Baltio 
Ordovician), 

Ptyehoyge tUanica Reed (comparable with the eastern Baltic Pt. plautini, Schmidt).. 
Megalaapia aff. hyorhina H. V. Leucht. (an Eastern Baltic species), 

JUanua aff. portlocki Salt, (a British species), 

Holomeiopua orientalis Reed, 

Calymene birmanica Reed (a Lower Naungkangyi form, and found in the Upper Nanng* 
kangyi of the western area), 

Phacopa {Pterygometopus ) dagon, var. wynnei Reed (found also in the western area), 
{Chaamopa) sp., 

PliosMra (Encrinurella) inaangenaia Reed (found also in the western area and at Niti). 
(n)ssspecies new at the time of its determination. 
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In tlie large outcrop west of Maymjo, dips are bigh in the south where the 
Upper Naungkangyis have probably been subjected to minor folding and contortion 
between the more competent strata above and below; in the Memauk scrap, 
sixteen miles north of Maymyo, some idea of the true thickness may be obtain^ 
and this is estimated at between 700 and 1,000 feet.^ Along the eastern margin 
of this outcrop a thin interrupted band of Silurian (Zebingyi beds) intervenes 
between the Upper Naungkangyis and the Devonian Plateau Limestone in the 
southern part of the area, but farther north the Ordovician and Devonian are in 
contact. The Upper Naungkar^i stage is well exposed in the Nam Tu valley 

Hwe-Mawng Beds.—The Hwe-Mawng purple claystones contain fossils 
similar to those found in the Upper Naungkangyis, including the ubiquitous 
Plwmera insangensis. The rocks are seldom calcareous but show a concretionary 
tendency; bedding-planes are frequently indecipherable, the fracture of the 
rocks being almost conchoidal. In the Loilen range east of Lashio, these purple 
beds accompany the band of Lower Naungkangyis, and are so intensely crushed 
as to resemble a schist in places. East of the Man-se-le coalfield, this phase is 
again exposed in great thickness in a broad dome and underlies both Silurian and 
Devonian; the beds are full of crinoid fragments and detached trilobite eyes, 
but no well-preserved fossils have been found. Along the southeastern base of 
Loi Ling, a thinner band of Hwe-Mawng beds rests directly upon the Chaung 
Magyi rocks, the Lower Naungkangjd stage being overlapped or absent. This 
purple stage covers a wide area among the hills east of Mong Tai, and again farther 
east overlooking the Nam Pang valley; thrown into numerous folds, it accom* 
panics the thin band of Lower Naungkangyis along the eastern side of the Loi 
Pan and Loi Twang range in Mdng Tung, where it has been laterally shifted by 
dip faults. A smaller patch of these beds on the western flank of this range separates 
the Chaung Magyi rocks from the Devonian. 

Abundance of life in the Upper Noungkangyi epoch.— With regard 
to the fauna, the number of individual organisms that flourished in the seas of 
the Upper Naungkagyi period must have been extraordinary. La Touchere- 
marks that even a small piece of the rock is seldom broken without exposing at 
least the stem-joint of a crinoid or cystidean, or detached calyx plates of the latter. 
Beautifully preserved oasts occur but in a very soft and friable condition. In 
some places detached eyes of trilobites are abundant. 

Some seven species, roughly 25 per cent., of the Hwe-Mawng forms, occur 
also in the Upper Naungkangyi stage of the west, but the former include a large 
number of peculiar trilobites, especially of asaphids which are described as allied 
to Lower Ordovician species. 

The close faunal relationship between the Upper Naungkangyis of the west 
and the Hwe-Mawngs of the east is exhibited more in the general facies than in 
the community of a large number of species, though the limits of both may not be 
precisely homotaxial. present it is impossible to decide how much the difieimioe 

in the faunas is due to difierent<.environment and how much to difference in age, 
but the latter is probably very small. 


>T.H. D. La Tcaohs, Jtfem., XZXIX Ft. E, 86(1916). 
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The Nanngkangyi fauna and Its relationsbi|n.-^The Pindaya beds of 
the Southern Shan States, which are described below, have been referred to as 
Naungkangyis and their faunas as Naungkangyi faunas, but it is admitted that 
comparatively few of the same species occur in both the Northern and the Southern 
Shan States. The lithology of the southern of the two sets of beds is much the same 
and we may, if we choose, use the term Naungkangyi for both areas, in the way 
we use the term Plateau Limestone for a later formation, i.e., for an uniform series 
which includes fossiliferous horizons varying considerably in age. Until the survey 
is more complete, however, it will be more convenient in this work to restrict the 
term Naungkangyi to the Northern Shan States beds and the term Pindaya to 
outcrops in the Southern States; the Pindaya faunas, as we shall see, have been 
referred to as belonging to the Upper rather than to the Middle Ordovician, while 
the Naungkangyi faunas of the Northern Shan States were originally considered to 
indicate a Lower Ordovician age, though some authorities would prefer to place 
the Lower Naungkangyis in the early Middle (Llandeilo) and the Upper Naung- 
kangyis in the earliest Upper-Oidovician (Lower Caradoc).^ There is thus some 
divergence of view regarding the precise stratigraphical position of the Naungka- 
ngyis and, until the additional large collections of Burmese Ordovician fossils 
lying in Calcutta have been examined and the results of further field work published} 
the answer to the question must be postponed, but the chances are that the bulk 
of the Naungkangyis belong to the Middle Ordovician, corresponding approximately 
to the Vaginatus Limestone and Bchinospheerite Limestone of Russia on the one 
hand, and to the Llanvirn and Llandeilo of England on the other. 

The affinities and facies of the Northern Shan States Ordovician faunas are 
unmistakably those of the Baltic provinces of northern Europe—the “ Atlantic 
Province ** of Grabau—and not of America. This applies to all stages including 
the Hwe-Mawng beds, the only slight variation being that the last-mentioned 
stage lacks the admixture of Bohemian types of cystideans and any trace of 
American affinities. The fauna from the limestones at Sedaw and Palin offers the 
most convincing evidence, the presence of the species LinguUa cf. quoArata^ 
SchiMtreta cf. elUjptica, ClitanAonites cf. pyran, Porambonites intercedenSf 
Rafinesquina imbrex^ and of the genera Heliocrinus and Protocrinus, suggesting the 
Gystidean or Echinosphserite Limestone of Scandinavia and the Baltic. 

To the fauna of western Yunnan the Naungkangyi shows certain resemblances 
but the whole of the Naugnkangyi, both lower and upper subdivisions, differs 
from the fauna of the Eumaon Ordovician, not only in its relationships but still 
more strikingly in composition. Cystidea, so extraordinarily abundant in the 
Burmese fauna, have not been found at all in the Himalayan trilobites also are; 
plentiful in the former but scarce and of small size in the latter. In bryozoa, 
in corals and especially in molluscs, the Himalayan has the advantage. In the 
brachiopoda only are points of resemblance to be found, but the genera and species 
common to the two areas are only those which have a world-wide distribution. 
It is remarkable that as in the Himalayan region no higher ordovician is present 
in these Northern States, and that no stratigraphical hiatus-seems to accompany 
the palinontological gap between what appears to be the Middle Ordovician and th^ 
overlying Silurian. The differences between the Naungkangyi fauna and th 3 


ir.R,a Reed. M. IimI., New Ser., Yol. H. Mem. 3, p. 85 (1906) Ibid., Vol. XXI.llMa* 
P. 1204 (1986); A. W. Grabau. ..“ The Stratigraphy of China **. Vol. I, P. 62 (1924;. 

9a 
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faunas from Tonkin and Sze-chuan are not fundamental and are insufficient to hide 
the common “ Baltic ” characters shared by the Shan States, Indo-China and 
central and western Sze-chuan. Of the Ordovician of Annam, which exhibits' 
practically no relationship to that of Southwestern Yunnan, one horizon shows 
distant but appreciable affinities with certain horizons in the western parts of the- 
Northern Shan States.^ The recent discovery in the Southern Shan States of two- 
new species of the trilobite genus Annamitella, hitherto known only from Annam, 
furnishes another link between the Ordovician faunas of the two regions. The 
relationship, as evidenced by the number of both allied and identical species, 
between Burma and the Baltic provinces of north Europe seems to have been closer 
even than that between the central Himalaya, Kumaon and America. 

Nyaungbaw Limestone.—Two outcrops of the Nyaungbaw Limestone 
stage, whose fossil contents are very meagre, are seen in the neighbourhood of 
Nyaungbaw village, besides the cart-road between Mandalay and Maymyo. The 
limestone is for the most part red or chocolate-brown in colour, passing into grey 
or bright blue and sometimes into pruple. Interbedded with this rock are 
subordinate bands of red clay. The limestone bands themselves usually contain 
a large amount of argillaceous matter, and exhibit a peculiar lenticular structure 
typical of similar calcareous bands in the purple cla}r8tone at the top of the 
Upper Naungkangyis. Patches of the Nyaungbaw stage have been noted among 
the hills north of Mayinyo, forming a Une of conspicuous redges near Palin. Farther 
east it has not been identified, unless the purple band at the top of the Upper 
Naungkangyis and the youngest horizons of Hwe-Mawng beds are to be consi¬ 
dered as its representatives. 

The Nyaungbaw Limestone is overlain unconformably by the Zebingyi beds 
(uppermost Silurian) and has yielded the following remains 

Scyphocrinus sp. (a calyx, ossicles and stem-joints), 

Camwocrinu8 asiatictis Beed, 

Diplotrypa palinenaia Beed, 

Lingula of quadrata Eichw. (found in the Ordovician of Bussia and Scotland), 

SawerbyeUa hinialayensia (Sal.), var. repanda (Salt), (a Niti form, found also in Tonkin), 

Ofihia irravadica Beed (a Lower Naungkangyi form), 

Orthaceraa sp. (common). 

The Seyihocrinus is undoubtedly close to 8. excavatus Waagen and Jahu from 
the Silurian of Bohemia [Barrande’s " Upper Silurian, stages E(e‘-e*)”]. The 
peculiar Camarocrims aaiaticua, believed to be a boat of the crinoid, Seyphoorinus,*^ 
resembles very closely “ C. uMcM ” Schuch. from the Lower Helderhergian of the 
United States (lates Silurian or early Devonian). Several species of Comaroarinm 
are found in the Helderhergian ^oup of West Virginia, corresponding to Barrande’s 
stage F, which may include Silurian horizons but, for the greater part, is now 
regarded as Devonian. In Bohemia a similar fossil, known as L<AolUhue>*i occurs, 
but at, a lower horizon, viz. stage “ Ee* ”, t.e. in the Silurian; this may also be a 
part of Scyphownus. ” Lobolithus ” and Scyphocrinus ate found together in 
Bohemia, while “ Catmrocrinus ” and Scyphocrinus are found together m 
Nyaungbaw. 

The evidence derived from this small assemblage of fossils a^ to the age of 

‘M. Mansujr, Mm, Berv. i/eol. Jndo-chine, Vol. VII, F»m. 1, p. 3 (1020).' 

<101^“' • *’• ^ 
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the ITyaungbaw beds is in itself inconclusive. From their stratigraphical position, 
and especially from the unconformity—^which must embrace at least the Xamhsom 
series (a portion of the Upper Silurian)—between them and the Zebingyi series, 
Xa Touche placed these beds provisionally at the top of the Ordovician. Qrabau, 
on the other hand, has pointed out that the genus, Camarocrinufi, in A'nerica is 
iirst known in the uppermost Silurian (Manlius beds), though found in the Lower 
Silurian of Bohemia, and suggests that the Nyaungbaw may represent the Upper 
Silurian (Honroan of America).' Eecently, the discovery in Yunnan of a more 
abundant fauna, including Camarocrintui, makes it probable that tlie Nyaungbaws 
are represented in the province. For the present, we may assunie provisionally 
that the Nyaungbaw beds correspond to some part of the Asligillian, where 
Xa Touche originally placed them. 

SOUTHERN SHAN STATES. 

Ordovician rocks have been recognised in the Southern Shan States, but their 
outcrops have only recently been jointed up with those of the Northern Shan St ites. 
They have been preliminarily described under the terms, ’* Piiulaya and 
‘Mawson,’’ two series whose limits have not yet been satisfactorily defined. 

PINDAYA BEDS. 

Pindaya Range.—Rising from dissected, rugged country to the northwest 
of Poila (Pwela), is the wall-like escarpment of the Pindaya (Pangtara) ridge 
which extends from north to south and separates the Zawgyi Chaung from the 
Paulaung river. Northvrards, the range increases in size, attaining a height 
of over 6,000 feet above sea-level and becoming comi)arabIc with the Taimg-gyi 
escarpment some miles to the east. The greater portion of the range forms an 
Ordovician inlier in the Plateau Limestone, but between these t wo formations, 
along the southern and western rims of tlie former, is an intervening n i. row band 
of carbonaceous Silurian with a rich graptolite fauna.* 

Proceeding westwards from the Zawgyi basin, the Pindaya beds appear to 
be underlain by limestones and silstones which occupy a well-defined hilly belt 
and are succeeded westwards by the mountainous tract of the Chaung Magyi 
rocks on which they lie. These limestones and siltstone have been referred to 
another Ordovician formation known as the Mawson series by Mr. V. P. Sondhi* 
who, in a traverse eastwards and along other sections also, has fon>ii the Pindaya 
beds succeeding the same series. Some small inliers of the Pindaya beds have 
been noted to the cast of the main outcrop, and another outcrop has been mapped 
vabout sixteen miles north of Yawng Hwe, adjoining a Silurian inlier in the alluvium 
^nd Plateau Limestone. 

The rocks are composed of calcareous shales, purple shales, mudstones and 
•argillaceous limestone bands, the last predominating towards the top of the 
Pindaya range. The commonest variety of the limestone is massive, bluish grey in 
'Colour, calcite-veined, with, patches and seams of argillaceous material, and often 
comtains greatly-contorted marly bands. The shales slates and mudstones are 

1 ** Stratigraphy of China ” Vol. 1,123, (1924). 

* J. Coggin Brown and V. P. Sondhi, Bee., LXVII, 212 (1933). 

«JI<c.,LXXI,a4(1936). 
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more frequent in the southerly portions of the exposure. In places, copper- 
staining has b^n noticed on the rooks. Near latitude 21®N., where the outcrop 
IB about six miles across from east to west, there are interbedded rhyolites, very 
decomposed but occasionally exhibiting a banded flow-structure; these lavas 
are characterised by reddish brown and orange spots produced by the decomposi¬ 
tion of pyrite. 

The structure in this area is that of an anticlinal fold pitching southwards and 
itself corrugated by acute minor structures. The rocks form a charaoteristio light 
brown soil and the limestone bands are occupied by an intricate qrstem of innu¬ 
merable small cauldron valleys. 

Lithologically, the rocks are comparable with the yellow and buff sandy marls 
and hard lenticular bands of limestone of the Lower Naungkangyis of the Northern 
Shan States, sixty miles to the north, but the fftun they contain indicates an 
Upper rather than Middle Ordovician age. Badly preserved and unidentifiable 
foBi^ are sometimes visible on the weathered surfaces of the Pindaya limestones, 
but from a collection made in the neighbourhood of Ye-o-sin the following forms 
have been detemined by Dr. Gowper Beed.^ 


Hydxoeoa.— 

Stromatocerium of. huronenae Bill, (allied to 8. regtilatum Endo, from the Upper Ordovi* 
cian of Manchuria). 

Actinozoa.— 

Sireptelaama sp. (much like 8tr, diapandum Foerste, from the Upper Ordovician of Indiana). 
Cystidea.— 

{a.y,) Spharonia ahihtienenaia Beed, 
iy*l Pyroeyatia (f) ofienJtalia Beed. 
kchincBncrinua ap,, 

Helioerinua of. granalua (Wahl) {H. granatua is a Bala form), 

{a,y.) „ fiacella Bather, 

(a,) Caryocrinua of. turbo Bather. 

Bryosoa.— 

Chaamatopora sp., 

Bhinidictya cf. nitidula (Billings) (may be identical with one or other of the Naungkangyi 
forms), 

„ cf. mutabilia Ulrich, (may be identical with one or other of the Naun^^ngyi 
forms). 

Pachydictya sp. (possibly identical with a Northern Shan States form), 

PtUodietya sp. (genus represented in the Upper Naungkangyis and Hwe-Mawng beds of 
the Northern Shan States), 

Protoeriaina cf. ulrichi Bassl. (an Esthonian species), 

DiplUdrypa sp. 

Brachic^oda— 

Oribia puatulifera Beed (the commonest Ordovician branchiopod in the Southern Shan 
States; very much like 0. irravadiea !^d, from the Naungkangyi beds of the NorUmrn 
Shan States, and also greatly resembling forms from Scandinavia and from tha 
Shensi province of China), 

Orthia {Qloaaprthia) aylvatica Beed 
„ (DalmmtXia) ainaham/gtnaia Beed, 

„ (Ptyehopkurdla) pirm Bed, 

„ ( „ } of. lapWQfthi Par., 

fioainiUa conaignaia Mead, 

Vettamo nemoraiis Beed, 

PtychogiypiHa ahanenaia Beed, 


> Pal. Jnd., New Ser. Vol. XXl, Mem. 8 (1986). 
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BliropkcmeM {AetinovMfna) of. subaracihnoidea Reed, (species known in the Giryan area 
of Scotland; it resembles in many respects S. corrufpUdla Day. from the Ordoyi- 
oian of Tonkin and may be identical with the shell described as Stropheodonia aff. 
eorrugatdla (Day.) from the Hwe-Mawng beds of the Northern Shan States.). 
Mowerbydla cf. himalenais (Salt.) (species found in the Ordoyician of Kumaon)» SowefhyeUa 
totisont Reed (comparable with trabeata Lindstr., from the Trinucleus 

beds of Sweden), 

OhonOoidea (Aegiria) geostnensis Reed (Probably identical with LeptoUoidea aff. UandeUoniia 
(Day.) from the Upper Naungkangyi of Lilu, Northern Shan States), 

LepMhidea eampestris Re^, 

QkiriMiania of. tenuicincia (McCoy) (a Britiidi form; found also in the Hwe-Mawng beds), 
ChriaHania aff.j^ngiana (Day.), 

Hemipronites (Eatlandia ?) 

Panmbonitea of. wahli (Heiner. (a species from Esthonia), 

Mtkytuhoeamara cf. btlla (Fenton) (a species from the Plattin Limestone of Missouri). 
C9s|Mopod»» 

PUoemu Bp. (ressembles P. plaiptfentnm Grab, and P. nuPMhmHenie Endo, from the 
Ordoyician of China). 

TrlkiiiHMh- 

ItteoMB yeosinenais Reed, 

SpAaraeorypKe Bp. (genus is found in the Naungkangyi beds. Northern Shan States). 
Ostracoda— 

FrimUia sp. (genus known in the Upper Naungkangyi beds of Lilu). 
s.3=Se<law form. 

y.=Porm from western Yunnan. 

laliers.—^Fiom a small inlier near Taungbu, mapped as belonging to the 
Pindaya formation, some sixteen miles north of Yawng Hwe, and comprising dark 
purple and orange shales with micaceous slates and tough, reddish brown, varie< 
gated mudstones, a few fossils have been obtained, including Orthis pustulifera 
Beed, 0. {Wattsells ?) pontilis Beed (resembling 0. (Wattsella) unguis (Day.) of the 
Shropshire Ordvician), 0. {DalmaneUa) sinchaungensis Beed, Chmetfndea (Aegiria ) 
geasinenris (Beed), Smverhyella wilsoni Beed, Hydithes divei Beed (a Hwe-Mawng 
form), Chasmops sp. and Encrinurus sp, 

Southeast of the above locality are further small inUers of similar beds, one 
of which, overlain by Silurian strata, at the southern end of the White Crow Lake 
northwest of Konlean, has yielded 
Qjntidea^ 

(c.g.) Hdioorinua ef.fiscella Bather, 

„ cf. granatus Wahl, 

(c.y.) Caryocrinus of. turbo Bather, 

(«.) „ avellana Bather, 

„ of. aurora Bather 7 (rcBembles the form from the Lower and Upper Naung- 
kangyis), 

(«.) Ovocystis manauyi Reed, 

(«.) Proiocrinus cf. sparsiprous Bather. 

Biyoioa— 

(t.) Diplotrypa of. sedavensia Beed. 

Braehlopoda— 

OrUUa puatuli/era Reed, 

„ {Dalmanella) ainehaungenaia Reed, 

„ {Qloaaorthia) aylmika Reed, 

„ (PUctroOiia) cf. dichotoma Hall (originally described from Indiana; may be a young 
example of O. chaungzonenaia Reed, a ^ecies from the Lower Naungkangyi beds of the 
Northern Shan States), 

Yaoaindla eonaignata Reed, 

LapiaBBa cf. riehtnondenaia Foerste (species occurs in the United States Ordovician), 
MSnmkomana cf. aubtenia Hall (species occurs in the Ordoyician of America), 

Mamarbydta cf. cy<fndrfeo( Beed,) (qpecies found in the Middle Bala of Scotland (Giryan), 
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Sotserbydia of. qvinquteoitata (HcCoy) (qpecies found in both lAwet und Uj^ec Nwmg- 
kragyis), 

SkmidMde^ cf. cdandicua (Wim.) (species occurs in the Leptsena lamestone of Si^en)» 
Pcrambonites of. aeutiplieata Reed (species occurs in the Craighead Lnuestone oi Firvan). 


Pteropoda— 
HyoUthu sp. 


8.««Sedatr form. 

y.avForm from western Yunnan. 


The Taong-gyi range.— A belt of beds m*^pped as Pindya fringes, along 
its eastern edge, part of tbe alluvial traot which stretches N.-S. through the centre 
of Tawng Hwe State on the west side of the town of Taung>gyi, its limestones 
forming the precipitous scrap and much of the foundations of the Taung-gyi range. 
Among the beds are; black limestones with calcite veins, simulating Permian 
types; highly-sheared, chocolated-red, calcareous shales with nodules nnd rare 
•linoid stems; bedded grey limestone with argillaceous partings; and pale 
buff or deep orange-red, fossiliferous mudstones. From the last mentioned, 
near the village of Taungtha-hla, the following forms have been identified by 
Dr. Cowpex Beed: 

Clystidea— 

Mehinoencrinus cf. angulosus Pander (species found in the Upper Naungkangyi), 

Hdiocrinus sp. 

(s.) Oiuryeerinua avellana Bather (a lower Naungkangyi species). 

Bryozoa— 

pMeudohomera cf. hij^ (Eichw.) (species found in Esthonia), 

ChoBmotopora cf. orinetalis Reed, (comparable with Ch. fureata (Eichw.) from Bstkonia), 

Difhtrypa sp. 

Brachiopoda— 

Ortkis pustidifera Reed, 

„ (Dalmanella) sinchaungmsia Reed, 

„ (Eridorthia) liberalia Reed, (considerably resembling 0. thakil, var. aubdiaiaa and 
yar. trijida from the Ordoyioian of Spiti), 

„ (Eridorthia) kalavenaia Reed, (resembling forms from the Trenton of Kentucky and 
the Ordoyioian of Shropshire), 
f* (Olyptorthia) taungtalenaia Reed, 

Clitambonitea cf. aacendena (Pander) (shows the same characteristic ornamentation as 
C. cf. aqmmata PabL of the Lower Naungkangyi beds), 

Laptelloidea (Leangella) cf. ahoUahhokeMia Jones (i^ecies occurs in the Upper Bala of 
Wales), 

Ukanidioidea cf. aulandicua (Wim.)i 

Bafineaquim (Bekkerella) gentilia Reed (may he identical with O. aubcratermdea Reed, 
which occurs in the Lower Naungkangyi and Hwe>Mawng beds), 

Ltpiaena cf. juvenilia Opik, 

„ apecUda Reed (allied to an Esthonian form). 


Behind the crag on which Taung-gyi stands is a small inlier consisting main¬ 
ly of argillaceous limestones weathering to olive, sandy mudstones and yielding 
a few fossils, among which the following have been identifb^d. : 

Brachiopoda— 

Protozyga haydeni Reed (probably allied to P, exigua (Hah; of the Treton Limestone), 
Syntrophina of. affinia (Reed) (a Keisley Limestone species), 

Leptelindea (Leangella ?) lamellata Reed. 

Gastropoda— 

Loxonema sp. (suggestive of L, atriatiaaima Salt, from the Keisley Limestone). 

Trilobiia— 

Phacopa sp. 

EiVorans fiirtlitf nortb.— The Pindajra beds continue to the mtA of 
their type area into Ijawksawk State and beyond, where they are still under 
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^zamiHatioH. Complete accounts of their stratigraphy and faunas are not yet 
available, but may of the cystideans and brachiopods already tabulated in the 
proceeding lists have been found in these northerly outcrops,together with a number 
of additional species, among which are the following collected from various looali* 
ties in the southern portion of Lawksawk: 

C^yrtidea-^ 

Behinoa^^iCBfa of. otnetMM Beed, 

Hmoe^9t%$ loczyi Beed (a Yunnaneee form.). 

„ of. yunnanensia Beed (a Ymmaneae [q>eoieB). 

Bryoaoa— 

Paehydietya of. eleg<ma Ulrich (Bpeciee occurs in the 'rrenton of Minnesota and in the 
Kuokers shale of Esthonia), 

Ccdodetna (?) perplexum Beed (an Upper Naungkangyi fqpn). 

Brachiopoda-> 

YeoaineUa eonsignata Beed, ^ 

Orthis pustulifera Beed, 

{Heaperothis) of. laurerUina Billings (a species found in the Ordovician of Quebec), 

„ (Platyatrophia) proUor Beed, (perhaps a variety of 0. irravudica from the Naung- 
kangyi beds), 

„ {Wattaella 1)porUilia Beed, 

yellamo of. aimplex ? Opik (a sepcies found in the Kuckers stage in Esthonia), 

Bajinsequina of. richardaoni Beed (pars) (species occurs in the Middle Bala of Girvan), 

„ (Kjcerina) of. felix Beed (species found in the Drummick beds of Girvan), 
Leptelloidea (Lengella ?) cf. derfdenaia Jones (species found in the Lower Bala of Wales), 
Lepteatia cf. muaculoaa Bekk. (species found in the Kuckers stage of Esthonia), 

SkenidiMea cf. billingai 8chuch. & Cooper (species found in the Black Biver formation of 
Quebec). 

Trilobita— 

Pliomera {Encrinurella) ingsangenaia (Kccd) (a typical trilobite of the Upper Naungkaugy 
and Hwe-Mawng beds of the Northern Shan States), 

Pterygometopua dagon Koed (found also in the Upper Naungkangyi and Hwe-Mawng beds), 
Harpea cf. coatatua Ang. (species found in the JLcpta;na Limestone of Sweden; may be 
identical with a form from the Upper Naungkangyi beds), 

Prwtua sp. (comparable w'ith P. ramiavkaiva Nieszk, from the Baltic Borkholm stage), 
Agwattu of. agnoatiformia (McCoy) (a British species ; the Burmese specimen may be 
identical w'ith A. globratvs Ang from the Upper Naungkangyi beds),* 

JCurychilim akanenaia Beed, 

Memopleuridea sp. 

Exposures further south.—Further south, iu the Taungni area, a frag¬ 
mentary specimen of Lichas sp., possibly identical with an example from the 
Upper Naungkangyi beds of the Northern Shan States, has also been found. 

Exposures east of Taurg-gyi.—^A^few miles east of Taung-gyi, between 
Hopong and Namkhok, is another poorly-exposed inlier of Fiiidaya be^, partly 
concealed beneath the alluvium of the Nam Tamhpak, a valley hemmea iu by 
tbe limestoue hills of the Plateau Limestone * 

^ I Further in the same direction is a larger inlying double belt in the State of 
H5ng Pawn. The more westerly strip cf this exposure, lying to the west of * 
Hong Pawn town, consists mainly of splintery, greenish-grey shales, sandy shales 

» Gen. Bep. Pec., LXIX, 66 (1936). 

• F.B.C. Beed, Pal Ind,, New Ser., Vol. XXI, Mem. 3, 54, (1936). 

<J. Coggiu Brown and y.P.Soudhi,i?ec.LXVII 136(1933). 
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ami purple mudstones, with less frequent sandstones ana a solitary band of lime* 
•one From these beds the following few fossils have been collected : Eckino-^ 
anmntis sp., Orikis jpntstuUfira Beed, Clitambof^itea cf. ascendens (Pand.)> YeonneUa 
cansignata Reed, and indeterminable bryosoan remains. The larger and more 
easterly part of this belt includes dark purple mudstones, often nodular and 
generally bleached, ana containing crinoid rings and crushed fragmentary fossils- 
of Upper Naungkangyi age, including Caryocrinus sp., Hyolithea sp., and the^ 
common Upper Naungkangyi trilobite of the Northern Shan States, Pliofnera 
{Encrinurella) ingsangensis Reed. The dip here is high and variable, the band 
forming part of a closely packed series of folds affecting rocks of both Ordovician 
and Silurian age. This outcrop has been traced southwards toLoi-lem, to the 
north of which town some of the purple mudstones have been converted into 
impure iron ores, which were formerly utilised by the Shans. Loi Lang is built 
up of red mudstones with fragmentary fossils of Pindaya age, the summit of the 
mountain being composed of an interbedded limestone ; the fossils include cysti- 
dean plates, crinoid stems and broken brachiopods. In this locality cauldron 
valleys and pot-holes in the limestones have been developed to a remarkable 
extent; between seventy and eighty of these features are shown on the one-inch 
map within a radius of three miles, both to the northeast and southwest of Loi- 
lem, and there are many smaller ones in addition.^ 

Eastwards of the above belt, no further exposures of the Pindayas are seen 
till the Salween is reached. On the west bank of this river, small outliers of olive- 
green shales containing a Pindaya fauna have been faulted into the Chaung Magyi. 


Beyond the Salween a band of soft mudstones and shales with well-developed, 
limestone bands occurs among Chaung Magyi rocks, twenty miles west of Eeng 
Tung town, and is believed to represent the same formation ; the limestone con* 
tains argillaceous inclusions arranged in a manner peculiar to Ordovician limestone 
further west. This is the last occurrence of this early Paleeozoic series seen in 
Burma before the border of Siam is reached.^ 

Correlation. —There is reason to assume that the faunas of the Southern 
Shan States Ordovician, so far detailed, all belong to horizons at no great distance 
from one another ; in fact, the separate lists given might without serious objection 
be aggregated into what might be called the Pindaya fauna, and, in the opinion of 
Dr. Cowper Reed, point to the Upper rather than the Middle division of the Ordo- 
yician system. IVom two horizons of the Ordovician of south Korea. Mr. Eoba- 
yashi has recognised several species identical or closely allied to Burmese Ordo¬ 
vician forms, and it is interesting to note that, while the lower of the two Korean 
horizons (Chikunsan beds), believed to be of upper Llandeilian age, has moie in 
common with the Naungkangyi faunas of the Northern Shan States, the higher 
horizon (Tsuibon beds), of lower Caradoo age, has somewhat closer af&nites with 
the Pindaya beds of the Southern Shan States.’ This comparison supports the 
suggestion that the Pindaya faunas are, in the aggregate, younger than the Naung- 


> Gen. Rep. Nec., LXVI, 100 (1932). 

’ Gen. Rep. Bee. LXIX, 68 (1986). 
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kangyi fauna. It is to be noted that, with the exception of the cystideans,. 
comparatively few of the same species are common to the Northern and Southern 
States. There is no clear evidence that the rocks can be divided into Upper and 
Lower stages in the Southern as they can be in the Northern States, and the Hwe- 
Mawng beds of the north have not as yet been founa in the south. 


MAWSON SERIES. 

Another rock series of the Southern Shan States has yielded Ordovician fossils.. 
This is the provisional Maws5n series, which may eventually prove to be either 
the equivalent in part of the Findaya formation or a facietal variant of the Upper 
Naungkangyis; one of its fossils horizons would appear to belong to a lower level 
than that of any of the Findaya faunas. 


The rocks of the Mawson series occupy high country bordering the western-' 
margin of the Yawng Hwe alluvial tract, from which they rise like cliffs from a 
sea. Westwards they are succeeded by a younger series known as the “ Ortho^ 
ceras Beds ”, between which and the Mawson formation an exact boundary has 
not been found possible to delineate, though the older beds are distinguishable by 
their more definite topography of great limestone escarpments and large valleys. 
The highlands of Mawson are of the nature of a dome complicated by numerous 
minor corrugations and possibly faulted along the crest.^ 

The shaly bands of this series are thicker than those in the Orthoceras Beds 
and have lost the red colour of the latter. The central part of the exposure con¬ 
sists mainly of limestones which give rise to an exceedingly rough country. A 
common type is a homogeneous, light bluish grey or brown, compact, finely crys- 
talline rock, inclined to be well bedded and very seldom brecciated to any 
extent. 

The limestones contain sandy bands into which they insensibly pass, the rock 
becoming more ana more porcellaneous or earthy and eventually consisting of 
dirty yellowish brown marls with bluer, more calcareous patches, alternating 
witn fine-grained, calcareous sandstones, silts and mudstones * Middlemiss 
records as a noticeable feature of the limestones of He-ho, thin interbandeo ferm- 
ginous layers, about half-an-inch wide, standing out from the weathering surfaces 
in rugged relief and in some cases consisting of compacted shelly layers of inde¬ 
terminable mollusca. 

The Mawson beds are described as typical shallow-w’ater deposits. Section 
of brachiopods and gastropods are sometimes visible on weathered surfaces of 
the limestones, as, for instance, west of Bawzaing. When unfossiliferous, the 
beds are not easily distinguished from the Flateau limestones. Fossils from a 


* J. Ooggixi Brown. Bee., LXm, 90 (1930). 
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«aiidy silstone one mile south of Bawsaing have been identified by Cowper Reed 
•as follows^: 

Qyfctid e a 

Oystidean ossicles and plates, 

' Braohiopoda— 

Oonambonites (Antigonambonites) emaneipatus Reed. 

Oa 8 tr<moda— 

Lophospira of. aUemana Koken (allied to forms from the Lower Ordovician of Manchuria 
and the Middle Ordovician of south Korea). 

„ cf. eHewUa Ulrich & Soof. (comparable with L. aojii Endo, from the Lower Ordovician 
of Manchuria). 

Hdieohma cf. tamuria Kog. (has a general resemblance to forms from the Lower Ordo¬ 
vician of Manchuria). 

of. j^ntUataidea Ulrich (species from the Black River formation of America). 
Cyrhlitea aff. nodoaua Salt, (a Bala species). 

Cephalopoda— 

Spyroieraa of. hilifheatum (Hall) (species from the Black River and Trenton formations 
of America). 

Trilobita— 

Ogygitea cf. yunmnenaia Reed (a Yunnanese species). 

From a band at the top of Siderite Hill, the southernmost of the two peaks 
which overlook the enclosed Bawzaing valley on the west, and also from a 
^calcareous sandstone near Sinchaung in the same vicinity, a few brachiopods have 
been obtained which indicate a slightly different Ordovician horizon: 

QammJbonitea (Afdigommhonitea) emancipatua Reed, 

Orihia (Dinorthia) cf. porcata McCoy. 

99 (Seaperorthia) of. tneenaria Conrad (species from the Black River and Trenton 
formations of North America). 

8henidioidea of. hiUingai Schuoh. & Cooper (q[>eoies from the Black River formation of 
Quebec). 

Rafineaquina o£ altermta (Conrad) (species from the Trenton of America), 

99 of. aemigl(A)oaina (Dav.)f 

99 cf. f<Brvena%$ Cpik (species found in the Kuokers stage of E 8 thonia )9 

99 (Kjaerina) of. proacuraor Raym. (a Trenton species), 

9 , (or Leptoma) of. nubigena (Salt.) (a Himalayan Ordovician species). 

LepkUoidea cf. Upteiloidea (Bekk.) (species found) in the Kuokers state of Esthonia; a similar 
shell occurs in the Ordovician of Tonkin). 

The Bawzaing beds, as a whole, appear to have no species in common with the 
typical Naungkangyi seriesi and only one brachiopod in common with the fauna of 
the Findaya beds. The general scarcity of brachiopoda and the prevalence of 
gastropods are the distinguishing features of the fauna found at Bawzaing. The 
affinities of the fossils, however, indicate, as Hr. Cowper Reed points out, that 
its age is either Middle or Upper Ordovician, while the gastropods especially 
suggest a comparison with those described by Brabau and Eobayashi from forma¬ 
tions in China which those authors correlate with the Black River group of North 
America, a formation mainly Middle Ordovician in age. As suggested by Dr. 
Ooggin Brown, it may be that the Bawzain horizon with its particular fauna is 
only a localised facies of restricted development due to special binomical conditions 
of limited extent, but until the fossils which have been collected from the northwar 
•extension of the Mawson series have been described, a final decision is impossible. 

. In the latitude of Mawson town, the Mawsdn outcrop is^seven miles wide. In 
this northern tract shaly layers are less frequent and the surface is everywhere 
marked by cauldron valleys and disappearing stream-beds. To the south, the 

1 Pal. Ind., New Ser., Vol. XXI Miem. 8 , 64-76 (1936). 
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outcrop narrows and one or two zon.es of intense disturbance make their appear* 
ance, with much shearing, crumpling and folding. The led and silver ores of 
Bawzaing, described in a later chapter, lie very largely but not entirely within 
the outcrop of the Mawson rocks. Old copper working are seen on the lower 
slopes of the western flank of the Hc-ho range to the north of the railway. 

Northwards, in Lawksawk State, the Mawson series is represented by a dark 
grey, highly-jointed, tabular limestone, generally characterised by brownish 
blotches disposed in most cases irregularly but sometimes in a more or less linear 
arrangement which, as a result of their greater resistance to denudation, project 
in small sharp ridges or knobs; these blotches consist mostly of argillaceous matter.' 
Three otucrops of this blotchy limestone have been recorded, separated from each 
other by certain mudstones and argillaceous limestones belonging to a younger 
period ; one of the beds contains lower Silurian graptolites. In one area, it is 
thought, there may be an almost complete sequence from the Mawson limestones 
up to the Plateau Limestone.® Northwards the Mawson blotchy limestones pinch 
out and the Mawson Lawksawk range is built up for the most part of younger 
siltstones. 

The Mawson series, as a whole, contains few organic remains, but in the rail¬ 
way section, some sixteen miles south of Bawzaing, intensive search has brought 
to light an additional fossil horizon in the vicinity of the bridge near Namnoi. 
Originally regarded as Silurian, a conclusion which Coggin Brown and Sondhi 
found difficult in accepting on stratigraphical grounds, it is now referred to the 
Ordovcian. The fossils are: Annamitella namnoiensis Reed. A. proxima Reed 
and Orthis (Paurothis) hehoensis Reed. Annamitella is a unique genus of trilo* 
bites founded by the French palseontologist, Mansuy, for a s 2 )ecies from the Ordo¬ 
vician of the Annam cordillera. It was at first thought to indicate an Upper Ordo¬ 
vician horizon although, as j^ointed out by Cowper Reed, the supposed affinity 
of Annamitella with Bathyunts and other Lower Ordovician or Upper Cambrian 
genera, seems opposed to this view. Orhiis hehcensis which occurs in great numbers 
in its extremely restricted horizon, appears to be allied to 0. (Paurorihis) parva 
(Pander) of the Lower Ordovician of the Baltic region. Tue Namnoi occurrence,, 
therefore, is regarded for the time being as belonging to a lower rather than to a 
higher part of the Ordovician ® 


THITTEIKKON SPONGE BEDS. 

One mile east of the peak (5,098 feet) at Thitteikkon in Lawksawk State 
occur some beds of unusual interest, comprising a crushed compact, shaly 
limestone, am^ an interbedded mudstone. The limestone has . yielded a fauna 
composed entirely of sponges, including Calaihium (Calatkella) cf. anstedi Billings 
(a species found in the Quebec grouj) of Newfoundland), Aulocopium ahanense 
Reed (a species closely related to A. aurantium Osw. of the Ordovic^ian of northern 
Europe), A. oviforme Reed, and a doubtful Hindia. From the interbedded 
mudstone have been obtained: Echinoncrmus sp., Chasmatojiora cf. orientalis 
(Reed), Orbipora sp., Orthis (Plectorthis) chmmgzonensis Reed, 0. cf. (Plaiystrophiafy 


' Gen. Rep. LXVni, 60 (1934). 

® Gen. Rep. 2?ec.. 72, p. 67 (1938). 

* F. R. Cowper Reed, Pal, Ind, New Ser., Vol. XXI, Mem. No. 3, p. 126 (1936). 
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pratof Beed, and Rhynchotrema sp. Orthis chaungzoviensis is a brachiopod from 
the Lower Naungkangyi beds of the Northern Shan States and, on the strength of 
its occurrence, Dr. Cowper Beed concludes that the Thitteikkon beds are probably 
•of about the same age as the Lower Naungkangyis.^ 


ORTHOCERAS BEDS. 

Younger than the Mawson beds, which they succeed to the west, are the 
Orthoceras Beds. This series, like the Nyaungbaw Limestone, is of extremely 
restricted distribution. It forms the greater part of the western limb of the broad 
Maw85n anticline, and has been traced northwards into Lawksawk where its out¬ 
crop is interrupted.® The band is in places concealed beneath alluvium and 
disappears southwards under the alluvial deposits of the He-ho-plain. In places the 
Orthocereas beds have been infolded with hands of yellow, sandy mudstone with 
badly-preserved fossils recalling those of the Naungkangyi series. 

The Orthoceras rocks consist generally of hard, flaggy, brightly-coloured,' red 
pink or purplish, argillaceous limestone and calcareous shales with a highly*, 
developed phacoidal structure which, in the weathered rock, gives rise to a charac¬ 
teristic pattern recalling that of crocodile hide.® Lithologically, the beds have 
much in common with the Nyaungbaw limestones of the outer platform of the 
Northern Shan States plateau, and probably belong either to the Middle or Upper 
Ordovician. Usually they contain relics of large crinoid stems and numerous 
specimens of orthoceraoones. The fossils identified by Cowper Beed comprise the 
foUowing:— 

Porifera— 

BeeeptaevliUs (very similar to R, oeddentdlia Salt, and B, areticus Eth. from the Araotio 
Ordovician), 

Arehaocyathtu (ArchoeoBcyphisl) sp. (resembles A. cMMienaU Grab, from the Lower Ordo¬ 
vician of Chihli province, China). 

Hydrozoa— 

Slramaioeeriumil) sp. 

•Gastropoda—^ 

Letueurilla sp. 

- Baphistoma sp. 

Oephalopoda— 

Mhoeeraa of. ckineae Foord (species found in cental China), 

„ of. regidare Sohloth. (probably identical with a specimen from Yunnan; 0. 

regviare is a Chinese species), 

„ of. hifaveatum Noetl. 

„ of. rmotum Yu (probably Identical with 0. cf. acahridum Ang. from Yunnan 
0. remotum is a Chinese species), 

Leufoihoeeraa{7) sp,, 

Act%noceraa{J) sp., 

Ormoeeraa(7) sp,, 

Aspidoe€rat{7) sp., 

Bndoeeras ap., 

Vaffinaeem{1) sp., 

Cameroceraa of. atyliforme Grab, (epeoies found in Manchuria), 

Cyrtaeefa 9 ( 1 ) of. peAmtsenn Grab, (species fdund In the Ordovician of north China), 
Oneouras^f) sp.. 


> Pal. Ind., New Ser., Vol. XXI, Mem. 8,86,126 (1686). 

® Gen. B^. Rec., LXVHI, 60(1984). 
s J. Coggin Bfewn and V. P. Sondhi. Mu., ULYU, 216 (1688). 
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Cyrtacnnouras of. boffdi (Whitf.) (species found in Canada), ' 

Centroeyrtouras (7) sp. (probably identical with Spyroceras (f) sp. from Yunnan), 

^itteloceras(f) sp., 

Cryptogomphoeiraa of. turgidum Troed. (species found in the Cape Callhoun beds of Green 
land and the Red River formation of Canada). 

Camarocrinus asiaticusy a significant fossil in the Nyaungbaw Limestone 
further north, appears to be absent. It was at first suggested that the Orthoceras 
Beds might be the equivalents of the Nyaungbaw Limestone and, like it, represent 
some of the Ashgillian horizons of the Upper Ordovician in the Baltic provinces, 
or perhaps even bridge to some extent the Ordovician and Silurian systems as 
exposed elsewhere. The occurrence of a species of EndoceraSt however, and the 
amities of the rest of the cephalopoda, doubtful as most of the determinations 
are, are thought by some to bring the series nearer to the Trenton Limestone of 
the Middle Ordovician. Whether there is justification for sasuming that all the 
so-called Orthoceras beds of eastern Asia are on precisely the same horizon, and 
that therefore, in the absence of better specimens and more specific determina¬ 
tions, the Shan States beds should be regarded as coming from the same general 
horizons as the well-known Orthoceras-bearing limestones of sothem and central 
China, are matters on which no satisfactory conclusions have yet been drawn. 
The purplish or reddish limestones of the Burmese Orthoceras beds, and the mode 
of preservation of the included fossils, are precisely paralleled in the case of the 
Neichiashan Limestone of Hupeh and other parts of southern China. According 
to Grabau, the age of the Cninese beds is approximately that of the Orthoceras 
Ximestone of Sweden and of the Vaginatenkalk of the Baltic provinces of Russia.^ 
Other authorties suggest that the Chinese Orthoceras limestones range into the 
Upper Ordovician, and it must be confessed that the stratigraphical position of 
the Shan States beds fits better with this idea.® 

YUNNAN. 

A considerable assemblage of Ordovician fossils has been collected by Coggin 
JSrown from three localities in Western Yunnan.* 

Near the village of La-meng in the Chinese Shan States of Moz^ Hkio, west of 
i/he Sawlween, in some hard purple slates probably faulted down into representa¬ 
tives of the Burmese Chaung Magyi rocks, were found a few poorly-preserved 
fossils, including a species of Hdiocrinus allied to the species H, fiscella Bather, 
found at Sedaw, a Harpes undoubtedly allied to H. spasski Eichw. from the Baltic 
provinces (stage 3), and crinoid or cystidean stem joints. The rock ligthologically 
resembles the Hwe-Mawng beds of the Northern Shan States, and may be an 
argillaceous facies of the Sedaw beds. 

The second locality,' at which Silurian as well as Ordovician forms were reco¬ 
vered, is a hill-side to the west of the alluvium-filled valley which forms part of 
the small Chinese district of Shih-tien, a few miles to the south of Young-ch’ang 
Fu, and west of the Salween. To the east the beds sink beneath the alluvium 
of the valley, and on the west appear to be overlain by representatives of the 
Burmese Plateau Limestone. Below the latter, nine horizons have been described 

X F. R. Cowper Reed. i4l. Ind., New Ser., XSI, Mem. 3,88 (1936). 

*iEeo., LXVI, 26 (1932); F.R. Cowper Reed. Pat, Ind,, Now Ser., XXI, Mom. 3,126 (1936). 

* Bm., XZinX 327-334 (1213). 
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by Coggis Brown, but since Silurian graptolites occur in two of these and one of 
them lies intercalated between two horizons yielding Ordovician fossils, it is, 
evident that the beds have been folded or faulted or both. Omitting the beds 
containing Silurian fossils, the rocks consist of limestones, marls, black mudstones 
and decomposed igneous rocks. The section has since been re-examined by 
Messrs. T. H. Yin and C. H. Lu, who divide the Ordovician part of the sequence- 
into two divisions, a lower which they call the Shihtien Beds, and an upper or 
Hengshuitang Limestone; the latter they further subdivide into the Sinocystisr 
horizon below, and the Cawmocrinus horizon above. ^ 

Combining the determinations of Dr. Cowper Beed and of Messrs. Yin and 
Lu, Dr Coggin Brown gives the following as the fauna of the Shih-tien Beds (sawsii* 
stricio) :* 

Graptolitoidea— 

IHdymograptua nanus Lapw., 

Dictyonema sp., 

Deamographis 8p., 

Braohiopoda— 

OHncuUndea sp., 

Philhedra sinensis Beed (related to Baltic forms), 

Sajinesquina sp., 

Orthis {Platystrophia ?) prcetor Reed, 

„ irramdiea Reed, 

Hemipronites giraldi (Martelli), var. yunnanensis Reed (almost identical with Marbelli’a 
Shen-si-form), 

Soujerbyella fasciola Yin. 

Gastropoda— 

Cyrtolitina sp. 

PaosKendlafiexuosa Yin. 


Cephalopoda— 

Endoceras sp., 

Orthoceras (l^otocycloceras deprati Reed, 

Orthoceras regtdare Schloth. 

Trodtalities aff. macromphalus Schrdder (species found in the Echinosph»rite Limestone> 
Jfmdtania sp. (greatly resembling J. murrayi Foord of America). 


Trilobita— 

A 9 aphus aff. expansus Linn, (species found in the Baltio proyinccs (stage C); allied to a 
form in China and to the Himalayan A, emodi), 
lUcenus aff. schmidti Nieszk. (species found in the Baltic, stage C),‘' 

Lichas {Metopolichas) cehrhin Ang., cf. var. coniceps H. von Leuoht. (variety found in the*' 
itefcltic, stage B), 

C^^pnene Hrmanica Reed, 

Pltomera {Encrinurdla) cf. Insangensis Reed, 


Ampyx retdi Yin. 

, Pha^s Bp» 

Inoertae sedis— 

Virgulaxonia degans Yin. 

Dr. Coggin Brown gives good reason for regarding this fauna as belonging: 
to the Upper Skiddavian or Lower Llanvirnian, and the beds may be placed at 

^Bulh Geo2. iSfoc. OUm, XVI,41 (1936). "" "•' ' ' 

. * Private communication; see also Pal, Ind., Now Ser., Vol. VI, Mem. No. 3 (1917), and 
Bull Qeol Soc, China, XVI, 41 and 281 (1986). 
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the top of the Lower Ordovician. The Shih-tien fauna appears to have been 
found abo at Lunsohan near the mouth of the Tang-tse-Kiang, in Shien-si, and very 
probably also at Ssu-ch’nan. Hosohan and Shantung. 

From the Sinocystis horizon of thb area comes a fauna which is closely related 
to that of Sedaw in the Northern Shan States, and has many cystids in common 
with the Ordovician of the Southern Shan States. The abundance of cystideans 
and the associated cephalopods point to a correspondence with the Echinosphoeiite 
Limestone of the Baltic provinces. According to Dr. Coggin Brown, it is to be 
assigned to the lower part of the Middle Ordovician (Llanvim-Llandeilo): 

Qystidea— 

Sinocystis loezyi Reed, 

„ yunnanensis Reed, 

(hocysitis tmnsuyi Reed(a new genus; this and the preceding two forms have resemblanoes 
to Aristocystis hohsmicus Barr.), 

Pyrocystis (f) orisnktlis Reed (close to A pirum (Barr.) from Bohemia), 

Eucystis of. raripunctata Angelin (a Swedish species), 

Echinosphcsra asiatica Reed (closely allied to Echinosphaerites globosus (Jaekel) *’ from 
the Ordovician of Estland), 

„ waensis Reed (closely resembling E. aurarUium GylL), 

Sphoeronis lohiferus Reed (resembling S. globulus Angelin from Sweden), 

„ shihtienensis Reed (also resembling 8 , globulus), 

Heliocrinus jiscella Bather (found at Sedaw and ? Lameng), 

„ qualus Bather (found at Sedaw), 

„ subovalis Reed (resembling a Swedish form), 

„ of. balticus Eiohw., 

Caryocyslis Ucompressa Reed. 

Bryozoa— 

PhyUoporina sp. 

Gastropoda— 

Holopea sp., 

Bellerophon (Sinuites) cf. rugiAosus Koken (species found in the Baltic, stages B and C). 
Cephalopoda— 

Endoceras tuahlenbergi Foord (found in the Orthooeras Limestone of Sweden and Russia), 

„ cf. cancdlaium (Eiohw.) ( species found in the Orthooeras Limestone), 

„ aff. reinhardi (Boll.) (species found in the Orghoceras Limestone), 

Orthoceras regtdare Sohloth. (found in the Orthooeras Limestone), 

„ of. kinnehullense Foord (species found in the Orthooeras Limestone), 
Actinocems of. bigsbyi Bronn. (species found in the Black River, Trenton and Galean 
Limestone, and the Cincinnati noup), 

TrocholUes yunnanensis Reed (resembling T. of. remM Sohrdd from the Orthooeras 
Limestone), 

„ aff. macromphalus Schrdd, (species found in the Echinosphaerite Limestone), 
Lituites sp. 

Trilobita— 

lUcenus emoidsB Reed (allied to Sweid^ forms), 

„ aff. chlongalus Angelin (species found in the Baltic, stage C). 

From the OamafoeWnu^ horizon come the following forms as determined by 
Dr. Cowper Beed, representing probably the Lower and Middle Llandeilo, and 
the equivalent of the Nyaungbaw Limestone of the Northern Shan States: 

OamofoeHnus asioHeus Reed, 

Pyrocystis {1) orientdtisBaed, 

Endoceras iff, reinhardi (Boll.) (species found in the Orthooeras Limestone of Scandinavia), 
Orthoceras regulars Sohloth. (found in the Orthooeras Limestone), 

„ of. scahridfim Angdin (species found in the Orthooeras Limestone), 

Oyrtocoras n>. (noticeably resembling 0. ardhiaei de Vem. of the Russian Ordovioian, and 
identical with the Himwyan 0. centrijugum Salter), 
lUamm aff. punaulosus Salter (ipeoies found in the Himalaya), 

9 GSl/64 10 
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The third locality lies some ten miles east of the Salween river, on a steep hill 
side north of the Pu-piao-plain; here there is a small inlier including a h&td, nodular 
banded limestone, yellow to greenish, highly fossiliferous, hardened mudstone^ 
and more shaly mudstones of a reddish colour. The nodular limestone has yielded 
orinoid stems and plates of CaryocfinuB of. turho (Bather), a Sedaw form, and 
appears to form the core of a narrow compressed anticline. From the mudstones, 
wmch probably belong to higher horizons, the following fauna has been obtained; 
Qraptolitoidea— 

Did^fmograptua murehiaoni (Beok) ( a Britii^ form), 

„ „ , Tar. geminua (Hisinger) ( a British variety), 

„ indsniiM (^11) ( a British form), 

Clifnaeogmptua of. acharenbargi Lapw. (species common in the Glenkiln Shales of Scotland). 

Cystidea— 

Echinoaphcata of. aurantium (Gyllenhfthl) ( species found in the Eohinosphasrite Limestone), 
Echinoenerinua sp. (allied to E, aenckenbergi v. Meyer, but differing from the Kaungkangyi 
form). 

Braohiopoda— 

Orthia (PUtiyairophia) prcahr Reed, 

Streptia sp. (close to a Wenlock species), 

Porambonitea sp. 

Lamellibranohiata— 

Clenodonla sp. (close to 0, medialia XJlrioh of the Trenton Shales of Minnesota), 
Ctmoeardium sp. 

Gastropoda— 

RdphiOoma flp*. 

HyciUhaa cf. divei Reed (species found in the Hwe-Mawngs), 

„ of. loczyi Reed (species found in the Upper Naung^^ngsris and Hwe-Mawngs). 

Trilobita— 

Remoplcuridea aff. IcUua Olin. {apeciea found in the Chasm^s beds, Sweden), 

Ogygitea yunnanmaia Reed (very close to C. birmanicua l^d of the Hwe-Mawng beds, 
and recently found in abundance in central and southern China). 

Illanua of. eamarln Sohloth. (species found in the Baltic provinces, sta^ B), 

. „ of. tauricomia Kut. (species found in the Baltic Provinces, stage C), 

NRma tarmadiUo Dalman (found in northern Europe and Ireland), 

Bathyurua manauyi Reed, 

Lkhaa (Mdopodidiaa) aff. verrwioaua Eiohw* (species found in the Eastern Baltic), 
Calymene unicamia Reed (resembling O. nivaUa Salt.), 

Pliomara marUUii Reed (apparently allied to P, inac^enaia Reed). 

The Didymograptua tnurchiaoni fauna of Pu-piao appears to be a facies variant 
of the Sinocystis horizon (Cystidean horizon) of Shih-tien, and exhibits affinities 
with stages d and C of the Ordovician fauna of north Europe. 

Qraptolite shales have been found by J. W. and C. J. Gregory in the valley 
of the A-shih-ohai, a tributary stream of the Mekong, approximately twenty five 
miles N.N.E. of Pn-piao. They are regarded as belonging to a higher Ordovician 
horizon than the latter beds and contain the following fauna : 

Climaccgraptua aduarefnJbergi Lapw., 

„ bkomia (Hall), 

Ampleai)gf^ua perexea^ (Lapw.), 

Dij^rc^ua {Amplexograptua ? ) q>., 

Cryptogmptua trieonUa (Oarr.), 

According to Dr. Ellies, these forms indicate the zone of Olimacograptus peUifer^ 
at the junction of the Glenkiln Shales and Hartfell Shales of the Moffat area in 
Scotland, i.e., the junction of the Lower and Middle Ordovician.^ 


^ J. W. and C. J. Gregory, ** Geology and Fhysiool.Geography of Chinese Tibet”, PM. 
frana. Ser. B, Vol 213, pp. 180, 211^ 293 (192S>. In Ausfcralia; OUmeographu bkomia has 
been found in the Llandeilan zone of OHnlaeogltapHt& prUifar, whUe Orffpiograpiuoa ftkomk 
belongs to the overlying zone of OUmaeograpina wilaoni. 
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Only weakest trace of an American element can be detected in tbe Yunnan 
Ordovician faunas, and the affinities with the Naungkangyi and Hwe-Mawng 
beds are not so close as might have been expected. Although several species 
are closely allied or comparable with the Burmese forms, veir few are identicaL 
At the same time, with the Ordovician of the Baltic and Scan^avia the affinities 
of the Yunnanese Ordovician are just as close as are those of the Shan States 
beds. The Ordovician of western Yunnan differs in fauna from the Pindaya beds 
of the Southern Shan States, and a completely different faunistic type seems to 
occur in eastern Yunnan and Tonkin.^ 

MYITKYINA. 

On the Chinese frontier, between Hpimaw and the Fen-shui-ling Pass in north¬ 
eastern Myitkyina, Murray Stuart records an outcrop of red, earthy, crinoidal 
limestones, lithologically very similar to those ascribed to the Ordovician in Yunnan, 
and associated with yellow shales. South of Chueh-ho they are in contact with 
breciated Devonian limestones. 


PALiCOGEOGRAPHY. 

There are certain difficulties in the way of a reconstruction of events during 
the Ordovician period in southern Asia, and the problem derives but limited 
assistance from the Burmese and Himalayan occurrences, owing to their annomalous 
relationships or their vague position in the Ordovician succession. A review of 
the facts regarding Ordovician geography, so far as the restricted evidence permits 
has been presented by Dr. CoMrper Reed.* There is a more detailed digest in the 
classic work of Dr. Grabau,* and a more recent.brief survey by Mr. Xobayashi.* 

The Ordovician world, during the early and middle epochs of the period, was 
divisible into three great zoo-geographical provinces: (i) the Atalantic, (ii) the 
Arctic or Boreal, and (iii) the Pacific. 

The fauna of north China belonged to the Boreal province. This northern 
fauna is represented in the Arctic by limestones with abundant cephalopoda, 
many bryozoa and some corals. It has been found in several parts of Canada 
(Rocky Mountains, Manitoba, Great Slava Lake and the vicinity of Hudson Bay), 
in Alaska and in British Columbia, in Europe it has been identified in the 
Durness Limestone of Scotland, in Spitzbergen and in Bear Island. 

The Burmese region belonged definitely to the Atlantic province, as did also 
southern China, the faunas from both areas pointing clearly to a connection with 
western Europe, as Grabau remarks, the precise path of intercommunication 
is not yet known; the latter may have been via the Russian steppes and 
Scandinavia as tentatively sketched by that authority. The Burmese fauna 
possesses a single Bohemian element in the presence of the cystidean, Afistocystia^ 
but the other cystideans are north European (Scandinavian and north Russian) 
types. Whether the Himalayan region formed an individualised sub-province 
of the Atlantic or a transient portion of the Pacific is a debatable point. 


* F. B. Gowper Beed. Rec. LXVI, 204, (1982). 

> Bee. XL. 17-25, (1910). 

* ** The Stratigraphy of Cina **. 1,42.102. 
^Rtp.xyith IHUrm, Oeol Cdngt.,Wa8hingion,py. 


485-498(1988). 
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IHie major geographical province which occupied south-eaetem and eastern 
Asia during the Cambrian period became subdivided at the commencement of 
Ordovician times into a northern portion forming part of the Boreal province, 
and a soutikem belonging to the Atlantic province. The nature of the barrier 
between these two portions is a matter still under discussion, but it was situated 
along the Tsingling mountains and extended eastwards into Korea (Cho-sen). 

In tite case of Korea, Kobajashi suggests that this line of division, known 
as the Tsingling'Keijo line and comparable with Logan’s line in America and the 
Caledonian barrier in Europe, was not necessarily a land barrier, but may ^ve 
been of a similar nature to that which separates the present-day faunas inhabiting 
the two sides of the Japanese Sea. Here, “ the warm Kuroshio current from the 
south and the cold Oyashiwo current from the north meet off the shore of central 
Japan, where the cold current is pushed underneath the warm one In such 
a way the northern ” and “ southern ” Ordovician faunas might have met along 
a line where deposits would subsequently be found containing members of both 
assemblages, and the ypothesis receives some measure of support from the fact 
that such a phenomenon is observable in northern Korea and southern Manchuria 
where there occurs a repeated alternation of the early Ordovician fauna as charac- 
terisiag the two provinces or basins. The intermediate character of this assemblage 
is seen in its abundant cephalopoda and gastropods and in the presence of brachiopod 
genera such as Syntrophindla and Pomatotrema.* It must be admitted, however, 
that a deep, submarine trough would be equally efficaceous in hindering or pre¬ 
venting the migration of marine organisms. Chinese straitigraphers, on the other 
hand, bring forward strong arguments in favour of a landbairier along the Tsingling 
axis, which towards the late Ordovician gradually emerged and cut off marine 
communication between north China on the one side and central and southern 
China on the other.* 

It is not impossible that the “ Tsingling line ” may, in some places, have 
been a land barrier, in others a chain of islands, in yet others a submarine shelf 
where opposing currents met. We may visualise a barrier of land, probably with 
a steep rocky coast on one side and a gently slopping shore on the other, crossing 
the Chinese area from west to east—or perhaps more accurately from W.S.W. to 
E.N.E.—and prolonged eastwards, beneath the sea which covered the Korean 
area, in the form of a submarine scrap or shrif, subtended by a trough deep enou^ 
to prevent any more than a local and transient mingling of the two faunas, caused 
mostly by members of the shallow-water assemblage being swept over the edge 
of the riielf. In some such way the Korean peninsula and the Japanese islands 
mi^t have been the meeting ground of Idie “ northern ” and “ southern ” faunas. 
The steep scrap of the barrier, fronting deep water, may have been some major 
line of faulting. 

Whatever may have been the nature of this line or belt of separation, it divided 
eastern Ama into a northern portion closely releated to the Arctic, and a southern 
containing a fauna with pronounced afSinities to European faunas. With this 


* Btp. XVIfh InttmU. CM. Ocngr., WatMngUm, 400 (1088). 

*T. KoteyaAl Jap. Jcmm. CM. A Geo^r.', Zl, 168 (1084). 

• T. X, Huang, Hull. CM. Soc. China, Z, 68 (1081); A. W. Giaban, iMA ZV, 88 (1086). 
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eolieiaA the fanniw of the Himsls]ra and of Bnima frankly do not fit. Althoi^ 
the fonnerappeanto lie upon what should have been l^e line of conunonication 
oonnecting the ** Atlantic” ox Eotopean frnna of Bnzma, Indo-duna and southern 
China with faunas of the same type in the Xaiakoiam, the Pamizs, centzal Aaa, 
the noxthezD end of the Uials and a laxge paxt of Euiope, it shows no afiSnities 
with the faunas of any of these axeas. With the Boxeal fauna it is equally unzelated. 
As alxeady pointed out, it is a highly inividualised fauna but with a stxongAmexi- 
can ox “ Pacific ” element. Cowpex Beed finds it difficult to see how the immi- 
gxation of Amexican types into the Himalayan xegion can have oxossed the stxong 
Euxopean life-wave which seems to have fiooded estezn Asia from the beginning 
of the pexiod to the eaxly paxt of Uppex Oxdovician times. It is pxobable, how- 
evex that the Amexican element xeaohed the Himala3ran aiea by way of the channel 
acxoss China, fox the lattex county is not without this element; in Southexn 
Xoxea, in fact, Euxopean and Amexican faunas axe desoiibed as altexnating xepeat- 
edly duiing Oxdovician times. Why no appreciable xehcs of the Ammican element 
are perceptible in Burma, is however, not easy to understand. It is possible that 
the faunal differences between Burma and the Himalaya have been exaggerated 
by the accidents of collecting and, that these differences will diminish as a result 
of further finds in the two regions ox, still more, by the discovery of oonnecting 
faunas in intermediate regions. It is safer, however, to regard the matter fox the 
present as an unsolved problem. The copious Ordovician gxaptolite fauna of 
Australia, ranging from the Axenigian to the Ashgillian, has not been observed 
in either Burma ox India, though the Llanvixnian and Llandelian graptolites and 
other fossils have been found in Pyunnan. 


In China the Ordovician is widely distributed, and there axe places where the 
uppermost Cambrian is followed by the basal Ordovician with no apparent un¬ 
conformity, and no changes but those of sedimentation and fauna. Such condi¬ 
tions are also seen in southexn Korea where the faunal change from the Eo-orthi» 
zone of the Upper Cambrian to the asaphid trilobites of the Lower Ordovician is 
marked, and where the one fauna is separated from the other only by the unfossUi- 
feroua Doten Quartzite which has been taken as the base of the younger system. 
Frequently, however, there is in southern China a gap of varying magnitude 
between the Lower Ordovician deposits and those laid down latex in the 
period, indicating a retreat of the sea and formation of land followed by a re-sub¬ 
mergence due to re-invasion of the ocean. Before the beginn^ of Silurian deposi¬ 
tion there seems, in fact, to have been another more extensive emergence or land 
stretching right across from Eueichou (Kwei Chau) to Kiang-su, as witnessed 
by the marked erosional unconformity between the Orthoceras Limestones and 
the Lower Silurian ahales.^ 


The Orthoceras fauna of central China has close affinities with that of the 
Scandinavian Orthoceras Limestone, and more especially with that of the Olau- 
conite and Vaginooexas limestones of the Baltic provinces, possessing at the same 
time more than mere traces of an American element in the presence of Baihyunis 
and the peculiarly American genus Oonioceras, incidentally, a very doubtful 
specimen of the latter has been zecoxded in the Himalayan fauna. There is, 
however, nothing in China ox Burma to compare really with the latter, though 


10. C. Yn. Butt. CM. 8oe. China. XU, 41 (1932). 
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txaoes of American affinities aie not entirely absent also from tbe Burmese assem- 
bkges. 

During tbe later part of the Ordovician period, the three provinces noted above 
became ton considerable degree confluent, the result being a fauna of cosmopolitan 
aspect, at least in the northern hemisphere. Of the Upper Ordovician in Asia 
information is still somewhat scanty. It is thought to have been recognised in 
the Southern Shan States and fossils from various parts of China incricate its 
presence there. In the Himalayan region) there appears to have been no break 
in the continuity of deposition and no noticeable change in the character of the 
sediments until the Muth Quartrite period which began in late Silurian times. 

The Ordovician, therefore, was marked in Burma by an extension into the 
Iforthem and Southern Shan States of the sea covering south China and Indo- 
China. In the Shan States, this sea was depositing silts upon the denuded floor 
of Chaung Magyi rocks, Bawdwin tuffs and rhyolites. There appears to be 
evidence of land, consisting mostly of Chaung Magyi beds and the old crystalline 
rocks, to the northwest and probably also to the east of the present Northern 
Shan States Ordovician outcrop, with an intermediate cluster of detached islands 
or shoals. This land seems to have persisted till the end of the Mesozoic era. 
The largest of the islands, the present peaks of Loi Ling and Loi Pan, show a re¬ 
markable thinning out of the Falaaozoic sediments as these strata approach the 
inliers. None of the older Palaeozoic has been found in the Arakan Yoma, but 
where the meandering coast-line of the Ordovician sea in Burma lay precisely, it 
would be premature to speculate in the present state of our knowledge. The 
geosyncline occupied by this sea stretched northwards through Yunnanese Tibet 
and may eventually be found to have extended southwards into Earnenni and 
Siam, accordixig to the suggestion of M. J. Fromaget, it may have been joined 
by another through western Yunnan, stretching past Lai-chau southeastwards 
along the northeastern foot of the Annamite chain.^ This sea also is thought to 
l^ve been studded with islands—juirZandes insulaires —^for the largest of which 
the name of Indosinia ” has been proposed. In the words of Dr. Coggin Brown, 
we visualise amongst these islands, the Ordovician and Silurian seas, usually 
shallow but sometimes subject to pelagic invasions, registering by the continually 
varying character of their deposits, hy their advances and retreats, the major 
pulsations of the greater bodies of occeazxic waters to which they were connected.”^ 

31 BM. 800 . seol. France, 6th Ser., T., IV, 125 (1034). 

* Private oommunioation. 
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SILURIAN. 

Distribution. SpitI: Extent; Pin river sections; Paune of Stage 1; Fauna of Stage 2; 
Fauna of Stage 8; Belationships; Muth Quartzite. Kashmir: Zanskar; Islamabad area; 
Gagangair section; Marhaum; ShamshAbari; Ptmch. North*west Frontier and Afghanistan. 
Kumaon : Readjusted classification; The Dark Coral limestone ”; The Red Crinoidal 
limestone ’*; The Muth Quartzite. Beyond Kumaon. Burma : Northern Shan States: 
Position and subdivision ; The Panghsa-pye series; Lower Namhsim stage; Manaw beds; 
Upper Namhsim stage; Faunal relationships; Zebingyi stage; Relationships of the Namhsim 
series; Relationships of the Zebingyi stage ;l^atbem Shan States: Equivalents of the 

Panghsa-pye series; Equivalents of the Namhsim series; Equivalents of the Zebingyi 
Series. Yunnan. Paloeogeography. 

Distribution.—The Silurian nearly always follows the Ordovician wherever the 
latter occurs in India and has, therefore, been recognised in the Spiti, Kashmir, 
Ngari Khorsum and Kumaon sections of the Himalaya, and in the No^hern and 
Southern Shan States of Burma, as well as in the Chinese province of Yunnan, 
and possibly in Afghanistan. It is not impossible that among Peninsular rocks 
this system is represented by the higher stages of the Upper Vindhyan, though 
there is no evidence to prove that such is the case. 

spm. 

Extent.—In the upper Fin valley near Prada, in the Kangri district of the 
Punjab, the Siluriun and Ordovician systems lie in a great syncline upon the 
Cambrian slates, from which they are separated on both sides of the fold by faults. 
This synclinal band runs southeastwaids and eastwards into the Teti valley in 
Bashahr, traced northwestwards from the Pin river, the outcrop of Ordovician 
and Silurian soon comes to an abrupt end. A few miles to the northeast of this 
synclinal axis, the two systems again make their appearance on the flank of the 
anticline into which the Cambrian slates have here been folded. When traced 
eastwards this band, after curving round a pitching syncline, forms the northern 
side of the Thanam valley for some distance, and ends northeast of the Hang- 
rang Pass after being interrupted and disturbed by faulting. At the Pass, these 
beds have been eroded during pre-Fermian times to such an extent that, in places, 
Permian beds rest directly upon the Ordovician red quartzite. Followed north¬ 
westwards, this band of Ordovician and Silurian has been recognised in a crushed 
and faulted condition at Trakse near the Pass known as the Kunzam La,^ and 
persists up to the Chandra river, along the left flank of which it continues probably 
into north Lahaul where its presence has been recorded, in what proportions the 
Ordovician and Silurian are here represented is not known. 

Pin river sections.—^The best sections lie on both sides of the Pm river 
between Muth and Shian, where the succession is as follows:— 

4. White ** Muth Quartzite (probably most of it Devonian), passing gradually down 
into, 

8. Reddish brown quartzite, passing down through oaloareous quartzite into hard, grey, 
siliceous limestones, weathering red and pink (thickness about 80 feet); 

2. Grey, siliceous and fiaggy limestones, weathering red and brown, with red and brown 
marls, (thickness about 70 feet); 

1. Grey limestone with well preserved corals in large numbers (thickness about 50 feet;. 

^ The only fossils from this locality are braohicmods of doubtful identification and 
probably, Devonian age. F. R. Cowper Reed. JPhl. Ind. Ser., XV, Vol. YII, Mem. 2, p. 4 
(1912). 
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Fauna of stage 1. —^The lowest stage, No. 1, has been identified also in the 
Paiahio valley, in the Thanam valley and in the Lipak river section; it has yielded 
the following corals: 

Propora himalaica Reed (a oonunon and oharaoteristio fossil, comparable to P. ameri- 
cana (Bdw. & Haime) of the Niagaran formation). 

StnpkUuma (or Zaphrentia) ap., 

StySflfM SonaareiMM Reed, 

PavoaiUa apUienaia Reed (moohresembling P. forUai Edw. & Haime&om the ** Silurian 
of the New Siberia Islands, and also close to the American qpecies P. eomagoHia 
Wellere), 

HalyaUea eatanularia Linn., var. hanaurenaia Reed, 

,, ioaUkhi Reed. 

Fauna of stage 2.—From the next stage, No. 2, in the Muth and Lipak river 
sections, have been collected: 

Brachiopoda— 

Orthia (Dalmandla) baaaUa Balman, Tar. mtUhenaia Reed (O, baaaUa is a British form), 
„ „ of. edgdliana (Salter, M. S.) (species found in the Britidi Wenlook), 

„ {PUetorthia) apUienaia Reed (resembling varieties of 0. thahil Salter). 

Strophaodonta eompreaaa (Sowerby) (a British Llandovery form), 

Cdloatylia dravidiana Reed) 

Leptcana rhomboiddlia Wilokens (a cosmopolitan species in the Ordovician and Silurian, 
perhaps identical with L. tamtiairiata Sow.), 

Strophonella of., euglypha (Hisinger), 

OrtMhaUa aff. pactan (Liune), 

Camarokachia sp. (resembling several Silurian species). 

Trilobita— 

Cdlymena 7 sp. 

Fauna of stage 3.—In the succeeding stage. No. 3, the following assemblage 
was obtained from Parahio, Muth and SUan: 

Aotinozoa— 

Linddrcamw sp., 

FavoaUea of. forhaai Edw. A Haime (species found in Britain and Timan (Russia), in the 
latter locality accompanied by Paidamairua dblfmgua Sow.), 

,, of. ntoparenm Hall. 

Brachiopoda— 

Ofihia aff. rudka Sow. (species found in Britain), 

Orthdhataa aff. paeUn Linne. 

Pentamairua obUmgua Sow. (a widely distributed species, found among other places in 
Siberia). 

Lamellibranohiata— 

PdkBoneih of. vktoriaa Chapman (species found in the Silurian of Victoria, Australia). 
Gastropoda— 

BeUarophon sp., 

Ev4mphalua of. triquatrw Lind. 

Cephalopoda— 

Orihocaraa of. annuUUum Sow. (species found in Europe and North America). 
Relationships.— -The base of the Silurian is drawn at the lower boundary 
of Stage No. 1 by reason of the corals with Silurian affinities found in that stage; 
these corals show a remarkable relationship to American forms, the most signi¬ 
ficant being that between Propora himalaica and P. (LyeUia) americam. Amongst 
the fossils from the two higher horizons, European afidnities on the whole pre¬ 
dominate, although the strozig European facies represented in Burma is not.... 

developed, and the peculiar local characters found in Tonkin are absent.”^ In 
spite oHhe Gothlandian afiinities of the corals in Stage 1, the presence of such an 
Ordovician type as Styhroaa kanaurenais may be regarded as bridging the change 

R. Cowper Reed, Pal. Ind. Ser., XV. Vol. VH, Mem. 2, p. 168 (1912). ~ 
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from Ordovioian to Silurian* In Stage 2 the fauna has completely changed its 
character with the change in sed^ent, and gives indications of being Llandovery 
in age. Stage 3 must be assigned either to the Llandovery or Wenlook, for Penta* 
nmu9 oblongfM, although not occurring above the Llandovery in the British Isles.^ 

While the Ordovioian of this region and of the Eumaon Himalaya shows |»raoti- 
cally no European affinities but has close relations with America, the Silurian 
fauna, although exhibiting distinct American traits in the corals, is on the whole 
nearer the European. The strong European facies found in the Silurian of the 
Shan States of Burma is, however, not developed in the BQmalaya.* 

Math Qaartzite. —The topmost bed of the above succession is a hard, white 
quartzite, frequently containing brown specks of ferruginous matter, and known 
as the Muth Quartzite. In the type area W.S. W. of the village of Muth, it forms 
a great wall of rock nearly 500 feet high, dipping at about to the northeast. 
The Muth Quartzite constitutes a reco^piisable and conspicuous horizon, ranging in 
this region from 350 to 800 feet in tSickness. Since it passes downwards very 
gradually into the calcareous quartzites and siliceous limestones with Pentamerug 
oblongus, and upwards without a break into a series of hard siliceous limestones 
with Middle Devonian fossils, it appears to represent Middle, and Upper Silurian 
and Lower Devonian, constituting perhaps a conformable bridge between the 
two systems and evidently cover^ a reltively long period of geological time. 

KASHMIR. 

Zanskar.—^From the Bara Lucha Pass at the head of the Chandra valley 
a belt of the so called “ Panjal system ” has been mapped extending into western 
Kashmir and uniting with another parallel band on the other side of the Zanskar 
massif in an extensive exposure around Srinagar. To what extent, if any, the 
Silurian is represented in these Panjals is not yet known. 

Islamabad area. —Fortunately, a band of unmistakable Silurian containing 
a fairly representative fauna and accompanied by the Muth Quartzite was dis¬ 
covered by Middlemiss in western Kashmir thirty or forty miles southeast of 
Srinagar. This is no doubt a continuation, interrupted or otherwise, of the Silurian 
belt of Spiti. Here, in a N.W.S.E. anticline pitching towards the northwest 
across the Lidar river, and in a continuous syncline rising towards the southeast, 
older slates of Ordovioian or Cambrian age or succeeded first by 100 feet of blue- 
grey, rusty-weathering, sandy shales, patchily calcareous, and fossiliferous these 
pass up into typical Muth quartzite which in places is as much as 3,000 feet thick. * 
The quartzite is succeeded in turn by the Lower Carboniferous limestone or the 
Panjal Volcanics. 

The organic remains in the sandy shales consist for the most part of internal 
casts or external impressions and are poorly preserved. The following are among 
those identified.® 

Actinozoa— 

LindatrcBmia of. bina (Lonsd.) ( speoies found in Great Britain), 

Alveolites repens (Fougt). ? 


^ It is found in the Clinton of America, but this formation is placed by many authorities 
in the Llandovery (Valentian). 

<F. B. CowperBeed. Fee., XLII.,71 (1912). 

*The fossiliferous Silurian which, according to Middlemiss, original map of Kaidimir 
(Bee., XL, PL. 89 (1910)), fringes and parallels the outcrop of the Muth Quartsite 
throughout, has not been shown separately in the accompanying map, wherein the two 
formations have been shown together as one band bearing the symbol of the Quartzite in the 
region east of Islamabad. 

« 0. S. Middlemiss Fee., XL» 210 (1910). 

• Gen. Bep. Fee,, XU, 66 (1911); F. B. Cowper Beed.—18 Fee., XUl, 16 (1912). 
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Braohiopoda— 

(MhU (Dahnanetta) baaaUs Dalman, var. (by far tba most abundant apeoies), 

,, „ deganiula Balm, (a cosmopolitan species), 

„ „ aff. houchardi Bar. (abun&nt; species found in Great Britain)^ 

„ „ of. cnma Lindstr., 

„ (Pleeiorthia) of. apitenaialSieed, 

„ rudica Sow. (European species), 

„ aowerbyfina Bay. (Britidi Liandoyery form), 

Pholidops implicata Bay. (found in the British Liandoyery), 

Leptcena rhomboidalis Wilck. (cosmopolitan species), 

Triplecia insuUiris Eichw. (this species is not found aboye the Upper Liandoyery in 
England and the genus does not occur aboye the Clinton in America), 

LepielUndea aff. papilloaa (Reed) (found in the St. Martin's beds of Wales), 

PledUmbonites tranaversalis Balm. 

StrophmeUa ot ev^glypha (Bia.) 1 (species found in Great Britain), 

Strophomena aniiguata (Sow.) ? (species found in Great Britain), 

Siropheodonta cf. ctpplanata (Salt.) (species found in Great Britain), 

CofnarotcBchia of. nucula (Sow.) ( species found in Great Britain), 

Wilaonia cf. wilaoni (Sow.) ? (species found in Great Britain)* 

Bhynehoapira aff. hovxhardi (Bay.), 

Aifypa marginalis Balm., var. (forma typioa found in Great Britain), 

Mertatella or Meriata sp. 

knuianntdatum McCoy, (species found in the Upper Liandoyery and Ludlow 
of Great Britain), 

Oytioeeraa sp. 

Trilobita— 

Oalymena cf. blumenbaehi (Brong.) (species found in Great Britain), 

Acimpia haahmiriea Reed (greatly resembling A. deflem Lake, of Great Britain), 

Ilkanua aff. maedllumi Salt, (species found in Great Britain), 

Sncrinurua cf. punctatua (species found in Great Britain), 

Primitia sp., 

Beyriehia sp. 

The above fauna, ooUeoted from three localities all of which appear to belong 
to the same horizon, may be assigned with considerable confidence to some part 
of the Llandovery. From a fourth locality, *^under Margan Pass the two 
forms, Orthis basalts Dalm., var. and Conchidium cf. hnighti (Sow.) have 
been obtained; if the latter is rightly compared, this horizon would seem to 
be somewhat higher and belong to the Aymestry Limestone.^ Although the 
American element is not wanting in these assemblages, the predominating affinities 
are undoubtedly with north Europe. 

The Muth Quartzite is exposed continuously, except where covered for short 
distances by alluvium, in this anticline pitching towards the northwest and lying 
between two synclines risiiig towards the southeast. It follows in normal sequence 
above the beds with the Upper Silurian fossils and is unusually thick. Like its 
equivalent in Spiti and Eumaon, it is a massive unfossiliferous'quartzite, granular 
in texture and typically white in colour with spots and patches of ferruginous 
matter; its lowermost beds become thinner-bedded siliceous shales where it passes 
down into the fossil-bearing Upper Silurian, with which it is here invariably 
in contact. Its upper boundary is in contact with the Syringothyris Limestone 
(Lower Carboniferous) or, where this is missing with the Ag^lomeratic Slate or 
the Panjal lava flows, both members of the ranjal Yolcanic series, the lower 
horizons of which have been assigned provisionally to the Upper Carboniferous. 
Unlike the older Pabeozoio rocks of this reign, the Muth Quartizi^ produces a 


^Koi the LQtherwan Ipoality, though close to it. 
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topography of very promineut cliffs and precipices, especially where the dip is 
only moderately steep. 

Gangangair section* —^Beference has already been made to the Gangangair 
section in the lower reaches of the Sind valley, some twenty-five to thirty miles 
northeast of Srinagar, a continuation probably of the exposures just described. 
The older graywacke and slate system of Ordovician and possibly Cambrian age 
is present, and thin-bedded Silurian slates are described as being succeeded in the 
characteristic way by typical Muth Quartzite ; the latter, dipping at about 60® to 
the northeast, is found on both sides of the Sind valley but is only a few hundred 
feet thick. The Orthis fauna of the rocks further southeast has not been discovered 
here, the beds appearing to be devoid of fossils. 

Marbamn* —Whether any part of the Silurian sequence follows the fossili- 
ferous Ordovician of the Marhaum syncline, north of Handwara (Hundawor) is 
not yet known. 

Shamsh Abari* —In the Shamsh Abari syncline to the southwest of the Mar¬ 
haum outcrop is a larger exposure of variegated slates and sandy and calcareous 
beds with numerous obliterated fossils. These beds, which overlie the blue clay 
of the Upper Cambrian, may belong partly to the Ordovician, under which heading 
they have already been described^ but since they appear to pass up without any 
break into the Muth Quartzite, it is very probable that they include at the same 
time Silurian horizons. 

The Muth Quartzite of this exposure has been traced westwards round the* 
rising syncline in a hairpin loop from one limb to the other. Along part of ita 
lower boundary, this ribbon-like band of hard, snow-white quartzite, here between 
1,000 and 2,000 feet thick, follows the older Silurian Ordovician sequence in 
an apparently normal manner; along the rest of this boundary it overlies the 
Upper Cambrian with a concealed unconformity, the only sign of which is the 
presence on the western slope of Shamsh Abari of a prominent band of purple 
conglomerate and sandstone.^ This quartzite, readily identifiable with that 
in the Lidar and Spiti valleys, is characteristically well bedded and pure white* 
in colour—a silicified sandstone with no partings except occasional thin intercala¬ 
tions of buff-coloured limestone. It is best developed on the northern slope of 
Palaphati (12,549 feet), extending thence to Pohdalau (10,108 feet), but disappear¬ 
ing suddenly ther eafter under the Pleistocene Karewah deposits. 

In this part of Kashmir, the Syringothyris Limestone has not been found and 
no representative of the Lower Carboniferous appears to be present, the Muth 
Quartzite dipping under the Fanjal Trap which, especially at the western end 
of the syncline, rises above the quartzite in formidable precipices. Eastwards, 
the narrowing and disappearance of the Muth Quartzite outcrop is the southern 
limb of the fold is ascribed to overlap by the Panjal Trap, thin lenticular streaks 
of Agglomeratic Slate intervening here and there. 

A small inlier of Muth Quartzite and Upper Cambrian within the Kprewah 
deposits is seen a few miles to the northeast, but elsewhere it and the succeeding 
horizons of the Palssozoic are absent in this part of Kashmir. As already ex¬ 
plained, the age of the Muth Quartzite is probably partly Lower Devonian, but 


1 D.N. Wadia. i?ec., LXVm, 143 (1984). 
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then ia a good nuon to believe that it inolades also the higher portions of the 
Sihuian and beds npiesenting the gap which separates these two sTstems in other 
parts of the world. 

POnch.—^In the state of Punch, a thick series of fossiliferons graTwackes and 
sandy, nucaceons slates, found by Wadia at the southeastern eztnmity of the 
Beji synoline, about twelve miles to the northeast of the town of Punch, may be 
assigned provisionally to the Sihtzian system. These beds, which an obviously 
some undenuded nlios of a thmly-developed formation of Palteosoic age and an 
accompanied by what spears to be a npresentative of the Muth Quartzite, 
occur in a short N.W.«S.B. lenticular strip between the Dogra Slates on the south* 
west and the basal beds of the Tanawals Devonian) on the northeast, on 

folded in among the corrugations of the Dogras, and for this nason their linear 
extent as well as their thickness, is obscured by imbrication.* In these beds 
have been found moderately well pnserved oasts of some slender species of gas* 
tropod about one inch lon^, and doubtful casts and impressions of TmtaeuMtes ot 
Comlatia and of graptolites. By such obscun nlios, although isufficiently 
preserved for specmo determination, an the beds distii^^nished from the bamn 
slates of the Dogra formation among which they an folded. 

The fossQiferous beds an succeeded stratigraphicalljr by a zone of massive, 
white or gny quartzites, quartz-schists and phylites, with some slates which 
«n sparsely oondomeratic. These thoroughly altered and schistose annaoeous 
beds differ entinly from the coarse-grained, onmnt*bedded and banded Tanawal 
quartzite, and resemble lithologically the Muth Quartzite, of which they an pro* 
'bably an attenuated npnsentative in the southwestern flank of the Pir Fanjal. 
No traces of fossils have been detected in these rocks, which an -pyritous and 
-slightly calcanous. 

The Muth Quartzite has been ncognised in the syntactical angle between the 
Himalaya and the Hazara mountains, when it is some 2,000 feet thick.* 


NORTH-WEST FRONTIER AND AFGHANISTAN. 

The indurated slates and quartzites, refemd to the older Falssozoic and 
forming the main axis of the Safed Eoh, continue into the Surghar hills of Afghani* 
-stan and include patches of a white quartzite not unlike the Muth Quartzite.^ It is 
possible, thenfon, that the succession may contain npresentatives of the Silurian 
.«s well as of the Ordovician.* The same quartzite and slates, the latter sometimes 
-quite red, wen observed by Sir Henry Hayden in Dir and Chitral below Ashnth.* 
.Hayden expresses the opinion that then is no nasonable doubt that the Palaeozoic 
of Uhitral is the continuation of that of the mountains on either side of Bamian 
.in Afghanistan, through Eafiristan. This belt bends eastwards into-Hunza and 
thence probably southeastwards into the Mountains of Baltistan, passing perhaps 
onwards into the neighbourhood of Leh and Chang Ohenmo; it would thus lie 
outside and to the northeast of the main Himalayan basin of Elashmir, Spiti, 
•Ckurhwal and Knmaon. 


* Jfem.. LL, 232.288 (1928). 

* D. N. Wadlm. £ee.,LXV, 208 (1981). 

* H. H. Hsjrden. Mem., XXVm, 106 (1898). 
« Nee., XLV, 277 (1916). 
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The Ealn series of noithem Afghanistan is said to recall the Haimanta system 
of the Himalaya. It is followed by a thick band of hnmatite and two limestones 
associated with each other, the one with Upper Devonian, the other with Lower 
Carboniferous fossils; whether the Silurian is present in this area or not, it is not 
yet possible to say.^ 

The greater part of the Hindu Ensh and the Eoh-i*Baba is formed of Palssozoio 
beds. 


KUMAON. 

• 

Readjusted classiflcation. —The lower Palaeozoic Buccession in Eumaon has 
been outlined in chapter XVI, where it has been suggested (i) that the Dark Coral 
limestone ”— Oriesbach’s Devonian limestone ” (included on his map apparently 
with the “ Lower Carboniferous ”) or group (6)—^may be astride the Ordovician 
and Silurian and correspond to some or all the of three uppermost of the local 
Ordovician stages as well as the lowest Silurian stage of the Spiti area; (ii) that 
Qriesbach’s group (7), the Bed Crinoidal limestone, of supposed Lower Carboni¬ 
ferous age, represents stages 2 and 3 of the Spiti Silurian; and (ui) that 
the White Quartzite is in most cases—as Griesbach himself concluded—^the Muth 
Quartzite of Spiti which is presumed to bridge the Silurian and Devonian and to 
include horizons belonging to both these systems. Griesbach’s group (5), consisting 
of bedded pink quartzites with intercalations of greyish green shale and assigned 
by him to the Upper Silurian ” (t.c. the Silurian proper, translated into modem 
nomenclature), has already been dealt with under the heading of Ordovician, since 
it contains Ordovician and not Silurian fossils. It may be the equivalent of the 
Spiti stage (d), which it so much resembles and which occurs near the base of the 
Spiti Ordovician, but the possibility of its belonging to the place allotted to it by 
Griesbach— i.e., above instead of below the Ordovician Limestone, group (4)— 
must not be overlooked and must await further fieldwork in an inaccessible region. 
The sequence we have now to consider is that appearing on Griesbach’s map 
as Lower Carboniferous ” and in his text as ? Devonian and Lowev 
Carboniferous ”, comprising his groups (6), (7) and (8). It will be seen to accom¬ 
pany the zig-zagging belt of Ordovician (” Silurian ”) from the Shanki stream 
near Niti in north Garhwal to the frontier of Nepal, into which unsurveyed country 
it obviously continues with the other Falseozoic outcrops. Barely it occurs as 
inlying tracts in the Carboniferous (Griesbach’s ” Upper Carbonuerous ”), un¬ 
accompanied by the Ordovician. ^ H 

‘‘The Dark Coral limestone”. —^The Dark Coral limestone,—group (6) ” 
—^which we are tentatively assuming may contain Silurian horizons at least in 
its upper portions, is described as passing down with alternations into group (5); 
if this is a correct statement, Griesbach’s order of superposition must be accepted. 
The prevailing rock of this ” group (6) ” stage is a very dark grey or black limestone 
in even beds, sometimes flaggy but generally concretionary. The upper part of the 
stage is charcaterised by thin partings of calcareous shale, and by the appearance 
of red and brown, thin-bedded, earthy, crinoid limestone. White veins of calc- 
spar traverse the beds in all directions and fractured surfaces show numerous 
sections of fossils, most of them corals and brachiopods, with fragments of crinoids. 


» H. H. Hayden, ifem., XXXEE, 28 (1911). 
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The thickness of the group in the Niti areA is 660*700 feet but is said to be much 
greater in the Milam and Dharma valleys. The Ghiango peaks (20,216 feet) are 
formed partly of the limestone which, though unfossmferous, is developed in 
great force in the eastern comer of Oarhwal (Shot Mahals). 

<^The Red Crinoidal limestone’^ —^The '^Bed Crinoidal limestone”, 
Oriesbach’s group (7), is descrbied as showing no sharp boundary with the pre- 
vioue group, and as composed of dark grey or brownish red, earthy, crinoid 
limestones. The beds are generally from 6 to 12 inches thick but are occasion¬ 
ally mo re massive, and contain siliceous concretions. The thickness of the stage 
in Kiti is 350-600 feet but becomes much greater eastwards owing to intercala^ 
tions of a light bluish grey, earthy limestone in its lower horizons.^ The fossils 
in this stage are very poorly preserved and ** casts of barchiopods, Orthoceras and 
crinoid remains may be said to be the sum total of what has been found in these 
eartUy limestones”. This remark of Qriesbach is significant as affording an ex¬ 
planation of the almost complete absence of Silurian fossils in the collections made 
by himself and others in the Eumaon area. Nevertheless, even allowing for poor 
preservation And difficulty of extraction, it seems strange that only one specimen 
of Silurian character should have been obtained from a fossiliferous belt eighty- 
five miles in length, which in all probability contains representatives of the fossil- 
containing beds occurring in Spiti between the Ordovician and the Muth 
Quartzite. The one specimen, Encrinurua aff, pUnctatus Brfin., was obtained 
at the western end of the La^pya Lek pass into Tibet in either the Red 
Crinoidal limestone or the Dark Coral limestone.* More than one variety of 
this form is found in both the Ordovician and Silurian of the British Isles. Pro¬ 
visionally we may correlate Griesbach’s ** Bed Crinoidal limetone ” with stages 
2 and 3 of the Spiti succession. 

The Moth Quartzite.— The ** White Quartzite ”, or group (8), is described 
as a hard, generally fine-grained, thick-bedded quartzite, pure wUte in colour 
and often resembling a white marble in texture. At its base are rare intercala¬ 
tions of the underlying Bed Crinoidal limestone, while its uppermost portions 
often consist of a fine grit of quartz sandstone with a few intervening shaly beds. 
Its upper boundary in places is rugged and^denuded and shows distinct erosion, 
which witnesses to the stratigraphical gap between it and the overlying 
Prodticfus-containing Permian; in fact the White Quartzite is sometimes com¬ 
pletely wanting. There seems little doubt that the greater part of the quartzite 
assigned to this position by Griesbach is the Muth Quartzite of Spiti, though it 
differs therefrom by containing rare fossils; these, consisting of brachiopods, 
Orihocetas and corals, are scarce and generally seen only on weathered surfaces. 
$he thickness of this stage in the Niti area is about 350 feet but further to the south¬ 
east swells to 600 or 800 feet; near Bimkin Paiar it is about 700 feet. In the 
Dhauli Ganga valley, it is said to be at least 2,000 feet in thickness, but since it is 
said to contain here casts of Proiuclua, it is possible that one of the younger Car¬ 
boniferous of Pefmian limcistones has been mistaken for or included in the Muth 
Quartzite.* The precipitious cone (19,518 feet) seen on one side of the Marchauk 


* C. L. Griettaoh. Meet*, XXm, 61 (1891). 

*P. E. Cowper Eeed. Pal. /nd.,Ser.XI,Tol, Vn,Mem. 2,p. 142 (1912). 

*Tbe Muth Qnertsite both in Kumaon and Spiti, was regarded by 0. L. QHesbaoh as of 
Upper Carboniferous age. | 
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Pass is made up of the White Quartzite, and the same rock forms the towering 
precipices on each side of the Chorhoti Pass. 

Beyond Knmaon. —Southeast of the Xumaon exposures stretches another 
extensive tract of unmapped territory through the State of Nepal. In the Lhassa 
traverse no Silurian rocks were dewitely identified, so that the nearest known 
exposures of this system in this direction are those of Burma. 


BURMA. 


NORTHERN SHAN STATES. 

Position and snbdiyislon. —The Silurian is well developed in the Northern 
Shan States of Burma, where the greater part of it is seen as a belt, accompanied 
by interrupted patches of Ordovician, separating the outcrop of the Chaung Magyi 
formation from that of the Plateau Limestone. It has been investigated and des- 
eribed by La Touche who discovered the first graptolites of southern Asia in the 
lower stages thereof. The Silurian rocks of this region have been divided into the 
following groups:— 

2ebingyi series (local). Ludlow. 

rUpper, or Konghsa Marls. ^ 

Namhsim series VWealook Limestone. 

^Lower, or Namhsim, Sand- J Most of the Wenlook 
stone. Shales. 

flipper or Qraptolite stage. 1 Llandovery to the Lower to Middle Silu. 
Panghsa-pye < > base of the Wen- rain, 

series. Lower or Trilobite stage. J lock Shales. 


Upper Silurian. 
Middle Silurian. 


The Panghsa-pye series. —Of the lowest of the three series a comparatively 
•clear section is to be seen at the base of a scarp of higher Silurian rocks near the 
village of Panghsa-pye, about eight miles northwest of the town of Hsipaw, 
where the whole conformable sequence dips to the southeast at about 30°.^ Two 
stages have so far been recognised in the Panghsa-pyeseries—a trilobite state at 
the base and a graptolite stage consisting of three zones, (1), (2) and (3), above. 
This is the only locality in which the Trilobite stage has been observed ; it com¬ 
prises a yellowish sandy shale in which have been found*:— 


Aotinozoa— 

Pdkeocyclua hairnet Reed (closely related to a British form). 

Brachiopoda— 

Pholidopa imjdieata (Sow.), 

Philhedra sp., 

Orthia {DalmaneUa) baaalia Balm, 

„ ,, „ ekgatUula Balm, (here very rare), 

„ „ manauyi Reed (closely related to 0. edgelliana), 

„ aff. bovehofdi Bav., 

„ aff. eanaUcuIata Lindstr. (species found in Great Britain), 

Seen%diwn(Yi meHicotti Reed (resembles 8 . Uwiai (Bav.), especially the variety tsood- 
landed Bav., foimd in the British Middle Llandovery, 

Tripled q>., 

Stropheodonta mcmahoni Reed, 

„ feddeni Reed (related to a British form). 


1T. H. B. la Touche. Mam., XXtlX, Ft. S, 126 (1013). 

‘ F. R. Coisper Re^. Pdl. Ind., New Ser., Vol. VI, Mem. 1,93 (1016). 
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flUlMk<rle({0Fee(M (liiime) (• widely-apiMd fiMtu), 

„ j9liM{M<ma Beed (allied to‘iSfroakMMiM'aiwfoiKtfa* Salt of Uie Wenloek 
Shatea). 

GMtropodi^—' 

oSumma Uamjcfdi Reed (resembling Gothland forms), 

Trilobitar— 

AeidapiB ahanentis Reed (oomparatiTely abundant but no specimen complete), 

Phaeopa {DtUmunUea) haatingai Reed (close to a Scandinavian as well as to a British form)» 

BoUia dlexandri Reed, 

KhadenaUaif) hirtnatUea Reed (related to an American Silurian form), 

PrimiiieUa {f) oneiUaUa Reed (allied to a Welsh Bala form), 

TwriUpaa ip. 

The facies of this fauna and its afSnities are Llandovery and, since the band 
occurs below a graptolite zone of Lower Llandovery age, it must correspond more 
or less to the base of this series. 

The lowest zone of the graptolite band at Panghsa-pye, consists of about 50 
feet of fine, white shales, lying upon the trilobite stage. It has also been identified 
near Hsipaw and at two localities near Fing-hsai on the eastern flanks of the Loi 
Fan range, upon the top of the Hwe-Mawng beds; at one locality the shales are 
highly carbonaceous and sandy with lenticular bands of coaly matter. This hori¬ 
zon is characterized by the following graptolites;— 

Diplograptua (Orthograpdua) veaiculoaua Nich. (a common species at Ping-hsai), 

„ {Meaograptva) modeatua Lapw. (especially common at Ping-hasi), 
f I (Cflyptograptua) of. peraculj^ua l^lt. (found only in the black shales of Ping- 

hasi; species found in the British Lower Llandovery), 
Climacogruptua mediaa TOmq. (common at Pangbsa-Pye), 

„ redongvdaria McCoy, 

Monograptua tenuis Portl. (common at Ping-hsai), 

„ cyphaa Lspw., var. (sparingly represented), 

„ eoncinnua Lapw. (abundant at Ping-hsai; in Great Britain this form ranges 
from the zone of M. gregariua to that of Jf. aedgwieki). 

The age indicated by these beds is that of the zone of Orthohraptus vesiculosua or 
Monograptus cyphus of the Lower Llandovery of Europe ; the Ping-hsai graptolites 
belong to the upper part of this zone. 

The second zone has been found at the village of Ngai-tao in the Nam Tu valley 
some eighteen nules N.N.E. of Fanghsa-pye, and has yielded a fauna belonging 
to the zone of Monograptus gregarius, higher up in European Llandovery^ 
deluding:— 

Diplograptua {Meaograptua) modeatua Lapw., 

CUmieograptua tOrnguiati E. & W. (common in the Lower Birkhill Shales of Great Britain 

and Ireland, especially in the one of Monographia 
gregariua), 

Monograptua gregariua, lapw. (abundant), 

minor Lapw, (apparently the same as the Ping-hsai form), 
Saatrdeaperegrinua (abundant). 

The tliird zone is to be seen near the village of Eanlun, eleven miles southeast 
of the town of Hdng Yai in the eastern hill ranges. The two graptolites found 
therein Monograptus priodon Barr, and Cyrtograptus sp.—-point to a stiU higher 
horizon in the Silurian, probably to the base of the Wenlock Shales. 

The narrow Graptolite band has been mapped to the east of Bawdwin; sepa* 
rating the Naungkimgyis on the west from ttie Namhsim Sandstone on the east. 
It is best ezposd in the valleys of the Nam Ta Fangyum and Nam La, traced 
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BortHwards it dies out beneath the overlapping Namhsim Sandstones. It is 
a thin band of carbonaceous sandy shale with large number of graptolites, most 
of which are too ill-preserved for determination but among which Monograptu$ 
has been recognised.^ 

Graptalite beds have been noted at the top of the purple Hwe-Mawng beds 
close to the small village of Namhsim about eight miles east of Man-se-le, at Pang- 
sam two miles north of Fing-hsai, and in a locality about two-and-a half miles 
E.N.E. of the village of Pang-me which is some twelve miles E.S.E. Of Lashio ; 
in the last-mentioned spot, the graphtolites, including a species of ClimacograptuSt 
occur not only at the top of the purple Hwe-Mawng beds but also in some white 
shales interbedded with them. 

Lower Nambsim stage. —The Lower Namhsim stage is a sandy shore 
deposit, sometimes conglomeratic at its base. It is not found in the hill ranges to 
the east; this may be the result of overlap by the younger Plateau Limestone, 
but is more probably due to the non-deposition of such coarse sediments so far 
from the coast—a hypothesis which receives support from the more frequent 
occurrence in these eastern tracts of the finer marly sediments of the Upper Namh- 
sims. 

The basal beds of the Lower Namhsim stage are composed of coarse conglome¬ 
rates containing boulders of the Chaung Magyi quartzite or wl^ere the conglomerates 
are absent, of coarse sandstone strongly felspathic for some distance up from their 
base and generally of purplish or bluish grey colour. This sandstone gradually 
becomes less felspathic and passes up into the finer, brown variety, with very fine 
hard, white, quartzose layers. In one or two inliers of the Naungkangyi series, 
the Lower Namhsims are seen lying upon the purple zone at the top of the former. 
Where the Graptolite band is also present, the basal Namhsim sandstones are 
fine-grained and apparently conformable. The upper boundary of the stage is 
easily discernible on account of its topographical contrast with the Plateau Lime¬ 
stone which usually overlies it and beneath which the sandstones usually give 
rise to well-marked and precipitous scarps. In the Nam Tu valley, the Iiower 
Namhsims attain a thickness of at least 2,000 feet. The evidence points clearly 
to the close proximity of a Coast line, and to the deposition of the beds in a sea 
shallowing rapidly to the northwest in the direction of the old Chaung Magyi 
land-mass. The character of the strata is not promising from a fossil-collecting 
point of view, but the softer finer layers of this stage have yielded the following 

AotinoEoa— 

Lindstramia cf. subduplicata (McCoy) (species found in the British Llandovery). 

Bimohiopoda— 

JUimulua aunglokensis Reed, 

Orthisep, 

Lsmellibranohiata— 

OHhanota{f) spectabilis Reed. 

Gastropoda— 

Pyenomphalus sp. 


Cephalopoda— 

Ofik/oceraa aff. tenuiannulatum McCoy, 

» J. Goggin Brown. Bee., XLVIII, 151 (1917). 

• GSI/fi4 11 
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Trilobita-- 

llksmta namhaimenais Reed (having affinities with /. amulua Salter, of the Girvaa aiiaa)» 

Proema sp. ‘ * a ” (having some resemblance to a Wenlock species), 

M SP.“P-, 

Enerinurua honghaamaia Reed (closely related to E, punctatua), 

Calymene blumenbachi Brongn., var. (species common in Europe), 

Cheirurva cf. btmwronatua (Murch.) (a Wenlock species), 

Cheirurtia(f) inexpeetataia Reed, (close to 0. mnculum, Barr., an Ordovician species), 

Phaeopa (Dalmanitea) longkaudatua (March.), var. orientalia Reed (abundant at Panghsa- 

pye; close to the British variety grindrodianus 
Salt., found in the Wenlock Shales of England). 

Very few of the forms are looal and the assemblage points to a Wenlook age. 
The facies of the fauna is predominantly that of northern and western Europe 
the only discordant element being Mimulus, which is a Bohemian and American 
genus.^ 

Commencing from the west, we find first of all a small outlier of the Lower 
Namhsim stage about sixteen miles north of Maymyo, the western part resting upon 
the old Ghaung Magyi floor and the eastern upon Upper Naungkangyi beds wUoh 
it has overlapped. The rocks consist of rather coarse, blue and purple, felspathic. 
grits and sandstones, in the finer-grained layers of which fossils have been found. 
In the western part, where the beds rest upon the ancient floor, the basal deposits 
are very coarse conglomerates, the pebbles of which consist for the most part of 
Chaung Magyi quartzite, and to a small extent of the Mogok gneisses; these 
conglomerates pass up into the sandstones. This outlier, which is twenty miles 
distant from other outcrops, is the more interesting in that no trace of either 
the Lower or Upper stage of the Namhsim series can be found anywhere along 
the adjoining western edge of the Shan plateau. As a result presumably either 
of limited deposition or of localized denudation, the Plateau Limestone for suEtj 
miles or so rests directly upon the Naungkangyis with local intercalations of the 
thin Zebingyi band. 

Along the northern margin of the plateau, the Lower Namhsims are seen, not 
always beneath the Plateau Limestone but, due either to faulting along the base 
of the hills or to overlap, as outliers on the hills of Chaung Magyi rocks to the north. 
North of the Gokteik gorge, they cover a considerable area and form the 
precipitous cliffs overlootong the Nam Tang valley, extending across Ahe boundary 
of the Upper Naungkangyi shales on to the highly-disturbed Chaung Magyi rooks. 
From Namsaw eastwards, the sandstones gradually thicken and occupy a widen¬ 
ing area as far as the valley of the Nam Tu, north of Hsipaw. Along this valley 
they form low hills or cliffs, again overlapping the Naungkangyis and resting upon 
the old Chaung Magyi floor which had been deeply eroded before their depositi<m. 
Outliers of the sandstones, occupying the higher points of the hills are numerous.* 
Near Hkawng-hisa, the band of Namhsims bifurcates, the two branches being divided 
by a wedge-shaped exposure, at first of the Naungkangyis but further north of 
both Naungkangyis and Pangyun beds; in the Pangyun outcrop within this fork 
lie the mines of Bawdwin. The Namhsim sandstones of the western branch lie 
between the Chaung Magyis and the Pangyun beds, and have overlapped the latter 
as well as the Naungkangyis. The ^undary with the Chaung Magyis is an over- 
thrust fault, due no doubt to the unyielding mass of Chaung Magyi rocks to the west. 


' R. Gowper Reed. Pal. Jnd., New Ser., Vol. II, Mem. 3, 
«T. B. D. U Touche. Mem., XSXTZ, Pt. 2,186 (1918). 
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it is a branoh. of tMs fault which traverses the mines and has provided a cha^nnel for 
the Bawdwin mineralization.^ Velspathic bands are commoner in the western 
branch of this Kamhsim exposure than they are in the eastern. 

In the inlier S.S.W. of Kutkai in North Hsenwi, quartzitic sandstones, white 
or greenish grey in colour but weathering to a purplish brown, accompany rooks 
with Ordovician fossils. The sandstones are unfossiliferous but are thought to 
be probably Silurian since they occur between Ordovician beds and presumed 
Devonian limestone.* 

Manaw beds. —Before describing the Upper Namhsim stage, there require 
mention some beds of obscrue stratigraphical position some five miles north of 
Kyaukme railway station, a mile-and-a-quarter north of the village of Manaw. 
Here La Touche collected a rich assemblage of fossils “in a layer of pinkish, rather 
ooarse-grained sandstone, not more than 6 inches thick, intercalated with some¬ 
what shaly, purple and red sandstone.’* The fauna—all of it in the form of casts— 
includes* :— 

Crinoidea— 

Crinoid stems, some of large size. 

Brachiopoda— 

Lepiatna rhomhoidalis Wilck., 

Orihothetea pecten Lin., 

Orthia ruatica Sow., 

,, {Bilobite8)hiMa'Lm.9 
„ (Dalmandla) elegantula Balm., 

Pmtamerua (Sieberella) cf. galeatua Balm., 

,, of. ohlongua Sow., 

Conchidium of. hiloculare Lin., 

Atrypa reticularia Lin., 

Spirifer cf. radiotua Sow., 
aulcatua His., 

Glaaaia cf. compreaaa? Sow., 

Bhynchoapira {HonuBoapira) baylei? Bav. 

NucUoapira pisum? Sow., 

Meriatella? sp. 

The list includes no represenative of the lower Namhsim stage, and with the 
Upper—the Konghsa Marls—the only common species identified is t^e ubiquitous 
Orthis elegantula. Nevertheless, the fauna is distinctly Wenlock in character. 
The stratigraphical position of the beds appears to be a little below, but not far 
from, that of the Konghsa Marls, in which case the faunal discrepancy could 
only be accounted for by local variation in environment.* On the other hand, 
the lithological character of the beds and of their immediate neighbours is more like 
that of the Lower Namhsims, and their position not far below the Plateau Lime¬ 
stone might be the result of faulting. The question is of less moment if we are 
eorrect in supposing that the so-called Lower and Upper Namhsims were themselves 
largely contemporaneous. 

Upper Namhsim stage. —The Upper Namhsim or Konghsa Marls, in spit® 
of their small thickness, are much more widely distributed than the Lower stage* 
To a large extent they appear to be the deeper-water sediments of the sea whose 

Coggin Brown. Poc., XLVIII, 156 (r9l7). ^ “ 

*Gen. Bep. Bee., LXVII, 45 (1933). 

*P. R. Cowper Reed. Pal Ind., New Ser., Vol. II, Mem. 3,148 (1906). 

•T.H.B. La Touche Mem. XXXIX, Pt. 2.146 (1913). 
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coast was characterised by the conglomerates and sandstone of the Lower stage 
and La Touche’s suggestion that their basal horizons may, therefor, be more or 
less contemporaneous with the coarser deposits, is not conflicting with palesonto- 
logical evidence. The qualificatory terms “Lower” and “Upper” in these cir¬ 
cumstances, have a somewhat artificial application to the Namhsim series. 

The Upper Namhsim stage consists of sandy marls with layers or lenticles of 
very hard, compact limestone, and is exposed in the gorge of the Nam Tu north 
of Hsipaw and in that of the Namhsim further to the west, in both of which locali¬ 
ties it follows conformably a full development of the Lower stage. Two exposurea 
of the marls have been noted near the western margin of the plateau, one at Z^bingyi 
beneath the Graptolite stage of that name, and the other four or five miles north 
of Pyintha. Along the northern edge of the plateau, thej have been identified 
in a small inlier in the Plateau Limestone at Pang 3 ni, and are poorly represented 
in the Gokteik gorge. Further to the northeast, a richly fossiliferous outcrop occura 
close to the village of Konghsa in a cutting on the railway a mile west of Kyaukme 
station. 

The marls of this stage, although thin, are remarkably persistent, and have been 
recognised elsewhere along the border of the old Chaung Magyi land-mass as far 
north as the mouth of the Pangyun river.. In the western parts of the States, as 
well as in the eastern ranges, they are to be met with wherever the lower 
boundary of the Plateau Limestone is exposed, and east of the Man-se-le coalfield 
occupy a large area. This stage has yielded the following:— 

Actinozoa— 

Lindetrcmia sp. (much resembling L. subduplicata (McCoy), from the British LlandoYcry.> 

Bryozoa— 

Fenestdla sp. 

Brachiopoda— 

Lingula lewisi Sow* (a British form), 

Stropheodonta corrugatdla Day., var. (a species chiefly Ordovician but found in the Lland¬ 
overy of Ayrshire), 

SchucherteUa pecten (Lin.) (an ubiquitous form), 

Orthis (Dahnandla) elegantula Balm., 

„ {PUttystrophia) biforata (Schloth.) (has a great vertical range). 

liamellibranchiata^ 

Pierinea konghaaenais Reed (resembles P. hiana McCoy, from the Aymestry Limestone). 

Pteropoda— 

Conularia sp* 

Trilohita—* 

Enerinurua konghaaenaia Reed., 

Oalfffnene hlumenbaehi Brongn., 

Cheirurua cf. bitnueronatua (Murch.), % 

PlMCOpa ahanenaia Reed., 

Trachyderma of. aquamoaa Phill. 

- Faunal Relationships. —The suggestion that there was a eonsidetable over¬ 
lap in the time periods of the Lower and the Upper Namhsims is supported by 
anomalies in the fhunas. For instance, as noted by La Touche, out of the 15 identi¬ 
fied Lower Namhsim species, six of their nearest allies are found in the Wenlook 
or its foreign equivalent and 9 range up into the Ludlow^ while among 
the 28 Upper Namhsim'species no less than 21 are found in the Wenlock and only 
—including 13 wUch also occur at lower horizons—are Ludlow forms. Again , 
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two Llandovery forms, Pentamerua of., ohUmgus, and a apecies of jWnJa^ro^wta 
are found in the Upper Namhsim, while Orthonota, a typical Ludlow st®ilt 
occurs low down in the Lower stage. It is best, therefore, to consider the 
Namhsim fauna as a whole, in which case it must be looked upon as e^^uivalont 
to the Wenlock or Middle Silurian, with an admixture of species from lower and 
higher horizons. 

Zebingyi Series. —The Zebingyi series is very restricted in area, and of but 
slight thicl^ess even where most Ughly developed.^ It is exposed as a thin inter¬ 
rupted band along the western margin of the plateau approximately parallel to 
the cart road passing up to Maymyo from Mandalay, between the Naungkan^ 
beds beneath and the overlying Plateau Limestone into which it passes up with 
no sign of unconformity. The most complete exposure, however, is seen below 
the nearer of the two outliers of Plateau Limestone west of Pyintha, where the 
Zebingyi series crops out on both sides of a shnllow syncline. On the west the 
beds consist of the following in descending order;— 

3. White, flaggy, thin-bedded, uiifossitiferouslimr'stoiies, pais^ing upwards into the Plateau 
Limestone. 

2. Some 80 feet of dense black, earthy limestone with thin partings of black shale, charac¬ 
terised by Monogmpinft duhius^ Tevtaouliitit tltgans in enormous numbers and the 
small pteropod Styliolina loevU. 

1. Grey, thin-bedded limestones mutually separated by layers of light-coloured shale 
overlying similar limestones with thinner, more shaly, carbonaceous, intercalated 
layers crowded with TetUacAiUteH, the whole about 200 feet thick. 

In the eastern limb of th e synclino, the grey, thin-beddtHl limestones arc replaced 
by a hard, nodular, massive, lenticular limestone, crowded with weathered casts 
of Orthoceras, while the black, eartliy limestones are much reduced in thickness 
and most of the graptolites, which are here more numerous arid better preserved, 
are found in light grey shales ; the two outcro])s are continuous t o the north. The 
following forms have been found in the Zebingyi beds^: - - 
Graptolitoidea— 

Monograpiua dubim Sucss (a typical Wcnlock fossil but ranging to Lower Lm How ; found 
in Britain, Sweden, the Harz and Bohemia). 

,, riccartonensin Dal in. (found in Wales). 

Actinozoa— 

LMstremia sp. 

Grinoidea— 

Crinoid stems. 

Brachiopoda— 

SirojjModonia comitans Barr., var. sMmbricata Reed., 
iferis^tna ? sp., 

MerisUdla of. recta Barr.* 

Pentamerua [Clormda) aff. kraampoUhii Tschern.’ 

Lamcllibranchiata— 

Modiolopeia ahanenaia Reed, (almost identical with a Bohemian form), 

Vlaata 7 sp. (resembling Bohemian forms). 

Ptevopoda-— 

TentacuUtea degana Barr., (in vast numbers; characteristic of the Devonian of Bohemia) 
,, .cf. ornatua Sow. (species found in the Wenlock of Britain), 

Styliolina cf, loavia (Richter). 


^ T, H. D. La Touche. Mem., XXXIX, pt. 2,163—181 (1913). 

•P. R.CowperReed. PaZ./ tmI., NewSor., Vol. II,Mem. 3, 147 (1906); ibid. Vol, VI, 
liCem. L ^,98 (1915). 

*j;€e.,LXn, 249 (1929). 
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Cephalopoda— 

Orthoeeras aff. commututum Gieb. (speoiea found in the Lower Deyonian of the Hara), 

M aff. eiehwaldi Barr, (speoies found in Bohemia). 

Trilobita— 

Phacopa {Dalmanitea) amnhoei Reed (closely allied to a group of species characteristic of tho 
Bohemian stage G, and of the south European zoogeographical province of the* 
Devonian), 

»» shanensis Reed. 

Beds of black calcareous shales occur to the north and east of the last fossili*^ 
ferous outcrop, which is situated about a mile north of Taungmoi, just below 
the Plateau lumestone, but have so far yielded no organic remains. Near tho 
village of Fangyu, on the northern edge of the plateau, some black limestones weio 
discovered near the base of the Plateau Limestone and from them were ool* 
lected^:— 

Brachiopoda— 

Airy pa marginalia Balm, (of wide ddsttibution in the upper Ordovician and Silurian), . 

„ (AirypifM) t sub-globularis Reed (reaemblmg Bohemian forms), 

Meristina ? sp. 

Lamellihranchiata— 

Dualina ? sp. (with considerable resemblances to Bohemian Silurian forms), 

Lunulicardium aff. amabile Barr, (species found in the upper Silurian of Bohemia). 

Cephalopoda— 

Orihoceraa aff. nicMianutn ? Blake. 

Annelida-^ 

Trachyderma cf. aqaamoaa Phillips. 

The doubtful Meristim is the only form found common to this locality and Zebingyi.. 
Tentaculitea has not been observed at all> but the exposure requires further investi¬ 
gation and may well prove to be one of the Zebingyi stage. 

On the road from Lashio to M6ng-pyen, at mile-post “ 17-4 from a gently 
folded series of dark purplish, fissile, earthy shales which have interbedded layers 
of reddish iron stone and grey, tough, horny limestone. Dr. Cowper Seed collected 
a few poorly-preserved fossils, none of which has been so far recorded from the- 
&boingyi beds. No trace of graptilites or TefOaculitea has been observed in these- 
beds, which are probably somewhat higher stratigraphically than those near 
Zebingyi, but the close affinity or identity of the species with well-known Lower 
Devonian forms elsewhere makes it reasonable to assign the beds to a slightly 
higher horizon of the Zebingyi stage. The following have been identified*:— 

Lamellibranchiata— 

Oyprieardinia aemiaquamoea Reed. 

Avicula aff. inaidioaa ? Barr, (species found in stages G and H of the Bohemian Devonian).. 

Cephalopoda— 

Plaiyceraa sp. 

Trilobita— 

JSntomia pdagiea Barr, (a European Lower Deyonian species), 

' cf.p^/anga Kegel (species found in the Lower Devonian of Europe). 

As a whole, the Zebingyi fauna, in which we may include the assemblage just 
describe as well as tbat of the Pangya beds, is remaikable in that it compiisea 
SOniian giaptolites and the typically Lower Devonian TeiUaeuUlea degans, 
and is evidently a ttansitiipnal fauna between the two systems. The assemblaga 

1F. B. Oovper Seed. Pal. imf., ITew Ser., Yol. n, Mem. No. 3, 147(1906). 

* Fee., ijcn, 262 (1939). 
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colleoted on the road from Lai&io to Mdng-pyen is entirely Lower Devonian in 
•Bpect. La Touche describes the Zebingyi beds as passing up into the Plateau 
Limestone. ' 


Relationships of the Namhsim series.—*The geographical relationship 
of the Namhsim fauna and of the Zebingyi fauna have now to be cqnsidered In 
the case of the Namhsim, on comparison with the fauna of the Himalayan Silurian 
we find the same remarkable want of concordance as is shown by the Ordovician 
of the two regions; four or five forms only—and these all ubiquitous species— 
are common to the two areas, and only one of the species peculiar to Burma, 
BncfiwuffAs konghsaemia^ is represented by an allied and widely ranging species 
in the Himalayan Silurian, E. 'punciatua. The contrast in composition between 
the fuanas of the two areas also persists, that of Burma being characterised by 
the presence of graptolites, the scarcity of corals, and the profusion and variety 
of trilobites, that of the Himalaya by the presumed absence of graptolites, the 
preponderance of corals at certain horizons, and the more moderate numbers 
and varieties of the trilobites. This difference in facies probably indicates a 
difference in sedimentation which may account to some extent for the marked 
disagreement between the two assemblages. The relationship of the Namhsim 
fauna with north European faunas is closer even than it is in the case of the 
Ordovician, and it is evident that the connection with north Europe and the 
barrier shutting off the Himalayan sea continued into Silurian times. 


Relationships of the Zehingyi series. —In the case of the Zebingyi fauna 
we note a change which is of interest and importance, for its facies is no longer 
that of northern and western Europe but is unmistakably Hercynian. Out of 
the 24 species described, no less than 16 are identical with or closely allied to 
forms from Bohemia or the Hercynkalke of the Harz, and several of these are 
distinctive forms. The connection with Bohemia does not appear to have been 
directly through the Ural Mountains, since only tvro of the peculiar types from 
the Zebingyi beds—one of them a doubtful genus and species, YUiata sp., the 
other Entomia pelagka —are allied to or identical with any described from the 
Russian area. The Zebingyi series evidently corresponds, to a large extent, to 
the Muth Quartzite of the Himals^ya, 


SOUTHERN SHAN STATES. 

Ryuivaleiits of the Panghsa-pye series.— The Silurian system has been 
identified by Coggin Brown and Sondhi in the Southern Shan States, both to the 
west and east of Taung-gyi. The Graptolite stage has been noted in several 
localities but has been more closely observed at Panghkawkwo, near Loi-lem 
some thirty miles southeast of Taung-gyi, where a richly fossiliferous band includes 
two horizons belonging, the one to the upper Valentian, and the other to the higher 
Salopian. The Graptolite beds of this locality, which are in places severely 
cruAed, consist of white or light grey, fissile shales often with dark grey laminae, 
rarely the shales are brown or light purple in colour, when they are more thickly 
bedded.^ In this same band of lower Palaeozoics, another belt of the Graptolite 
shales is seen further to the east in a closely packed series of folds involving 
Ordovician rocks as well as higher members of the Silurian. In places, the shale 


LXVII, 144(1933). 
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are deeply decomposed to clay; some of the faded purple varieties contaia frag¬ 
ments of trilobites. The following are the graptolite determinations of Miss 
SUes 

Ghfplograptus aerraius £. & W., 

Monograptua aeigunchi McCoy, 

„ regularia TOmq., 

„ diatans Lapw.. 

„ lobiferua McCoy., 

,," tonvolutua His., 

„ nndulatua £. & W., 

„ conrAnnua Lapw., 

„ miUepoda McCoy., 

CUmaeograptua acalaria His., 

ItaHciitea sp. 

In addition, Monograptus drcularia E. k W. has been collected from a M ea c hed 
shale in a neighbouring locality, east of Loi-lem. 

Further north, on the western flank of Loi Samphu in Mong Pawn, the Orap- 
tolite band has again been recognised in the form of a carbonaceous yielding 
abundant specimens , of Monograptus of the same species as those in the Pangh- 
kayrkwo bed, as well as a few Diphgraptus. 

Some distance to the northeast of Taung-gyi, about twelve miles north of the 
town of M8ng Kung in the State of that name, graptolites, including Monograplm 
and Diphgraptus, were found by Cecil Jones; here white and yellowish sandy 
shales, and some nearly black shales which they overlie, all contain graptolites. 

Xhe best known exposure of the Graptolite beds in the Southern HTifti. States 
was discovered by Sondhi as a narrow band averaging a furlong in width along 
the western and southern edge of the Pindaya outcrop and separating the Pindaya 
beds from the Plateau Limestone. The band has been traced southwards as 
far as Wabya Taung, but further east and along the south western limits of the 
Pindaya anticline it appeus to be overlapped by the Plateau • 

(Permian)* northwards it is perhaps represented at flrst by certain omshed, 
splintery slates, and it is definitely recognisable again in Lawksawk State. The 
bulk of the band consists of carbonaceous shale and slate with a rich graptolite 
fauna. In Wabya Taung, these black beds, which rest upon the yellow 
of the Ordovician (Pindaya), are overlain by soft, light-coloured shales. The 
Wabya Taung band of graptolites probably includes at least three separate 
zones, one of which is identical with that found at Panghsa-pye in the Northern 
Shan States—the zone of Monograptus cyphus of the Lower Videntian. In the 
Wabya Taui^; \>«aA OHhograptus is the most prolific genus, Climacograptus ia 
quite common, while Monograptus is comparatively scarce; the comnlete list 
of forms determined by Miss Elies is as follows*: ^ 

^Monograptus eyphus Lapw., 

,, incommodua 

,, aanderaoni Lapw. g 

„ eoneinnua Lapw., 

,, rwoltiiua Kurck., 

„ difformia TSmq., 

„ ffregariua Lapw., 

„ Jaculum Lapw., 

iJl«j.,LXVn, 212(1933). —— 

» Pal, Ind., New Ser., Vol. XXI, Mem. 3,105-106 (1936). 
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Mmograptua dtdpitna Hirnq., 

„ Ichiferua MoCoy., 

,» eonvcHiUua His., 

^Oiihograptua veaiculoaua Nioh,, 

M mutahUia E. & W., 

*CUmacograptua mediua T6rnq., 

„ iirnquiati E. & W., 

,f rectangularia IdcCoy,, 

-Olppiograptua tamariactia Nioh, var., 

ff, „ Nioh. var. incertua, 

Meaograptua magnua 1 Lapw. ^ 

^Species found in the Pangsha-Pye Graptolite bed of the Xorthem Shan States. _ 

A very small exposure of the Graptolite band, consisting of bleachecT^^Ss 
containing the Valentian assemblage : Monograptus fimbriatus Nich., Orthograp- 
tus mutabilis E. & W., Climacograptus medius Tornq. and C, innotatus Nich., 
has been recognised on the eastern slope of the hill on which Kyawktap pagoda 
stands. The same band, from which specimens of Orthograptus have been ob¬ 
tained, is seen in the more southern of two small hills at the northern end of the 
He-ho plain. 

At the southern end of the He-ho plain, on Mebya Taung, three graptolite 
horizons are recognisable in the Graptolite stage which includes two thin beds 
of limestone, and is underlain by a thin brownish phacoidal limestone resting on 
limestones of the Mawson series (Ordovician). In the lowest of the three hori¬ 
zons the species found recall those of Wabya Taung and the Pindaya margin 
further north; as identified by Miss Elies they are :— 

Monograptua gemmatua Barr., 

„ concinnus Lapw., 

,, jaculum Lapw., 

gregariua ? Lapw., 

„ tenuia Port]., 

‘Climacograpiua tdrnquistiMleB & Wood, 

„ mediua Tdrnq. 

According to palaeontological evidence, the next oldest bed is a bleached shale 
weathering to a light soil, containing faint graptolite remains among which the 
following four have been determined: 

Monograptua tenuia Port!., 

,, millepoda McCoy, 

CUmacograptua Elle® & Wood, 

,, acalaria His. 

The youngest horizon is composed of pale bleached shales in which the graptolites 
occur in greater profusion and in better preservation than in the horizon just 
■described ; in it have been found :— 

Monograptua aedgmchi MoCoy., 

„ tenuia Portl., 

CUmacograptua acalaria His. 

Stratigraphic ally the mutual relationships of these horizons are obscure. 

Between the Yawnghwe and Kun-lon plains, an outcrop of Silurian of appre¬ 
ciable size includes some light-coloured sandry shales with badly-preserved and 
apparently unidentifiable graptolites, seen to the west of Okpo-ywa ; from their 
diplograptid nature these fossils would seem to indicate Lower Silurian horzons.^ 

^ Ooggin Brown and V. P, Sondhi. Bee., LXVII, 228 (1933). 
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One-and-a-half miles west of the village of Ghaung-gauk, the same outcrop haa 
yielded the following specimens poorly preserved in a bleached mudstone : Mono- 
graptus millepoda McCoy, M.jaculuiH Lapw., Orthograptus sp. and Glimacograptus^ 
medius T5rnq^. 

These and other graptolite occurrences, the examination of which is not yet 
concluded, prove that the Valentian series is abundantly represented by several 
zones in many localities in the Southern Shan States, as it is also in the Northern 
States, western ^Yunnan and other parts of China. The lowest zone is that of 
Monograptus cy^^us, the next higher that of M. sedgwicki, and above this comes 
the zone containing M. lobifenis, which is present also in the Panghsa-pye area 
of the Northern Shan States. These three zones are all represented in the Wabya 
Taung exposure. The zone of Monograptus sedgwicki has not neen found in the 
country between Kalaw and Taung-gyi, nor has it yet been recognised in the North¬ 
ern Shan States ; in the latter region, however, the Ludlow stage of Monograptus 
ficoartonensis occurs in the Zebingyi series. 

Equivalents of the Namhsim series. —There is good reason to believe that 
the Namhsim series is also present in the Southern Shan States. Southeast of 
Tattng-gyi, in the neighbourhood of Namhkok, are poorly exposed, much weathered 
brown, red-stainod shales and light-coloured sandstones, which strongly recall 
this series ; in places the rocks have undergone lateritization with the production 
of limonitic iron ore.* 

Associated with the Graphtolite band on the western flank of Loi Samhpu in 
Mong Pawn is an unfossiliferoua sequence, some members of which are repeated 
consisting of:—soft, fine-grained, fawn or brownish grey sandstones alternating 
with sandy shales; hard, slaty grey or greyish blue limestones with occasional 
patches and streaks of brown shale; alternations of slate-blue, splintery and 
slabby limestones with sandy mudstones; highly-cleaved and contorted, light* 
greenish grey and purple slates; and bleached, purple, sandy shales. The last 
mentioned are in contact with the Graptolite bed, and show disturbance. Beyond 
the Graptolite bed some brown-stained, greyish shales have yielded a small collec¬ 
tion of fossils, the determination of which has given the following*;— 

Graptolitoidea— 

Monograptus cf. vulgaris Wood. 

Braohiopoda— 

Lingula sxomaia Reed. 

OrAis (DaUnanella), ap., 

Tripleeia of. vooodlandmsis Reed, 

LspieUoidea cf. segmentum Lindatr., 

Airypina cf. disparilis (Hall), 

Parastrophindla cf. reversa (Bill), 

Owing to their flattened-out condition the specimens are difficult to determine 
but they appear to indicate a Salopian age ; to the beds containing them has been 
given the name of the Loi-lem stage (Facies 1). 

Further east, Silurian limestones are seen on the hillsides on both sides of 
Loi-lem and have given rise to the usual system of cauldron valleys. The 90 m* 
monest types are of various shades of grey, hard, compact, very fine in grain and 

^ F. R. Cowper Reed, Pal, Ind, New Ser., Vol. XXI» Mem. 3,108 (1930). 

* Goggin Brown and V. P. Sondhi. Bee., LXVII, 137 (1933). 

* Pal. Ind., New Ser., vol. XXI, Mem. 3,108 (1936). 
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with a splintery fracture; on weathering, wavy layers are developed and givo 
a cellular surface to the rock. More rarely the limestones are pink, green or purple; 
occasionally they are well banded in alternating colours. Among them pink, 
phacoidal varieties identical with those above the Panghkawkwo graptolite bed 
are recognisable. East of Loi-lem, the phacoids in the limestone are described 
as attaining two inches in length, one inch in width, and ^ inch in thickness, and as 
being separated from each other by shining black films. Interbedded with the 
limestones of his locality are bands of mudstone with small brachiopods and 
other remains. These beds form what is known as the Loi-lem stage (Facies. 
2) and are characterised by a peculiar new genus of-brachiopods to which the namo 
Loilemia has been given. The small fauna at present known is as follows, the 
affinities of most of the species being with Salopian forms.^ 

Aotinozoa— 

Patasocyclus ? sp., 

Braohiopoda— 

Flectodonta loilemensis Reed, 

Loilemia proxima Reed, 

Merista ? sp. 

Qlasaia ? sp., 

Nueleospira cf. piaum (Sow.). 

Lamollibranchiata— 

Lunulieardium sp. 

Northwards, towards Wan-pong, these limestones and the graptolite beds are- 
involved in a closely-packed series of folds in which the Ordovician rocks also 
participate. Some of the limestones have thin seams of siderite. Further east 
in this belt of Lower Palaeozoics, the limestones disappear and a lower type of 
topography marks the coming-in of brown, marly mudstones interbedded with 
greyish white, papery shales, the former breaking up into small spheroidal frag¬ 
ments and containing casts of small broken crinoid stems. These are followed 
by fine-grained sandstones, dark, sandy shales, and thin bands of bleached purple 
mudstones with infrequent crinoid stems, a succession which is repeated further 
on. No fossils have yet been identified in these sandy and agrillaceous beds but 
lithologically, and especially in their strongly felspathic character, as well as in 
their considerable thickness they much resemble the Lower Namhsim series. 

At the southern end of the He-ho plain, the Graptolite band is accompanied 
by soft sandstones and phacoidal limestones, the sequence being overlapped by 
the Plateau Limestone. 

In central Lawksawk, Silurian beds equivalent to both the Namhsim sand^ 
stones and the Zebingyi beds have been brought into contact with Chaung Magyi 
rocks and lower members of the Ordovician by a N.-S. fault.* 

Equivalents of the Tebingyi series. —Separating the Yawng-hwe and 
Kun-lon plains is a considerable outcrop of Silurian, which is split into two by 
a narrow N.-S. band of the Plateau Limestone. To the West of this younger band 
the rocks consist of dark grey limestones often containing Orthoceras, and some¬ 
times of sheared, pale grey limestones blotched with brown, pale pink, phacoidal 
limestones, and reddish brown sandstones and shales. From the shales Sondhi 
obtained many fragments and one practically complete specimen of a trilobite- 


* Pal Ind., New Ser. Vol. XXI, Mem. 3,112-113 (1930). 
*Rec., 72,67(1937). 
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l)el(mging to the genus Phacops (sens, str.) and named by Cowper Beed RS 
species, Phaeops ponemis; this trilobite is similar to P. shanensis of the Northern 
Shan States. Perhaps identical with the latter is another species, P. cf. stembergi 
Barr, from the same beds. From the presence of these trilobites, and from the 
occurrence also of Tentaculites, it is inferred that the beds probably represent the 
2ebingyi stage. 

To the east of the small Plateau Limestone band, a steady, easterly-dipping 
sequence occurs as follows: 

4. Grey, quartzitio sandstones, weathering brown, with intercalated bands of hard, bluish 
white shales; 

3. Dark grey limestones, interbedded with the above sandstones; 

2. Dark grey limestones with Orihoeeras and crinoid stems, and a few bands of a pinkish 
black, soft, sandy mudstone crowded with TerUacuUtea elegana, Barr., associated 
with whioh, both here and elsewhere, are numerous specimens of Styliolina davulus 
(Barr.) and Entomis cf. phalanga Keg,^ 

1. Thin bands of pink, phacoidal limestone, interbedded with shales (rarely seen). 

A few miles south of this section, light-coloured, sandy shales—perhaps the 
equivalent of the last mentioned bed (No. 1) in the more northerly succession— 
were found to contain badly preserved graptolites; since these consist predo¬ 
minantly of diplograptid forms, their parent rock would appear to be considerably 
Idwer in the Silurian sequence than the TentacuUtes beds and to have been pushed 
over the latter by an ovcrfold or thrust. Above the graptolite bed are brown, 
sandy, micaceous, unfossiliferous mudstones, and further on, following a long 
concealed tract, are pink and brown phacoidal limestones with a few grey bands.^ 

The TentaouUtes eUgans horizon also occurs in the Mebyataung area, to the 
south of the He-ho plain, where it contains in addition Monograptus vomerinus 
Nich.® The same beds with innumerable specimens of Tmtaculites and isolated 
specimens of a brachiopod resembling Meristina, are seen on the eastern flank of the 
Zawgyi basin in Lawksawk State. The Zebingyi beds in this State overlie the 
Nan^sim sandstones.^ 

The trilobite bed of Panghsa-pye and the Konghsa Marls of the Northern 
Shan States have not been recognised in the more southern region. 

YUNNAN. 

Two out of the nine pre-Plateau Limestone horizons described by Coggin 
Brown a few miles to the south of Yung-ch’ang Fu, in the Shih-tien district of 
Yunnan, west of the Salween, contain Silurian fossils; beds of this system have 
evidently, therefore, been folded up with the Ordovician. The lower horizon 
consisting of tough, black, carbonaceous and finely micaceous shales or slates, 
contains abundant Olimacograptus and has yielded:— 

Monograptus mconmodus TCrnq., 

„ regularis TOrnq., 

„ tenuis 7 Portl., 

Climaeograpius rectangutaris McCoy, 

„ Ell. and Wood, 

Mesograptus modestus Lapw. 7 


I Pal. Ind., New Ser., Vol. XXI, Mem. 3,18 (1936). 

• J. Ooggin Brown and V. P. Sondhi, IXIVII, 228 (1933). 

» Pal. Ind., New Ser., Vol. XXI, Mem. 3,118 (1936). 

« Qen. Pep. Pee., LXXI, 64 (1936); Gen. Pep. Ibid. LXXD, 66 (1937). 
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The higher horizon, consisting of a tough, fine-grained; greenish grey or 
pinkish, flaggy slate, weathering yellow, has yielded the following graptolites,. 
Monogfaptus lobiferus being the most abundant 

Monograptus sedgwichi Portl., 

„ McCoy, 

„ , tenuis Portl., 

„ leptotheca Lapw., 

„ atavus Jones, 

„ jaculum Lapw., 

„ eoncinnus Lapw., 

,, gemmatus Barr., 

Olyptograptusserratus £11. and Wood, 

„ tamariscus Nich., var. incertus £11. and Wood, 

Climaeograptus soalaris His., 

„ tdrnquisti £11. and Wood, 

Oladiograptus perlatus Nich., 

Mesograptus magmis Lapw.? 

Both beds evidently belong to the Llando^ ery stage, the lower horizon pro¬ 
bably to the zone of Orthograptiis vesicnloms or perhaps the base of Monograptus 
gregarius, the upper to the base of the zone of Monograptus sedgwichi. 
The lower-lying of the two outcrops occurs in faulted and contorted, scattered 
exposures, and contains the younger of the two faunas. The other outcrop, 
nearer the top of the hill, is some 70 feet thick, faulted against Ordovician rocks 
below, and contiguous in some unknown way to Ordovician rocks above; this 
exposure has yielded representatives of both the faunas mentioned above. 

From a hill a few miles northwest of Shih-tien, Messrs. Yin and Lu have more 
recently collected Silurian fossils from five successive zones, as follows 

5. Abundance of Pristiograpius tuwescens, P. vulgaris curtus, (Ludlow series; zone [of 
and P. dubius. Pristiograpius tumes- 

eens). 

4. PristiograptvseolonnSf P.varians,P.SLf[.dubius,HndsiBmuW (Ludlow series; zone][of 
Orthis. Linograptusnilssoni), 

3. PomatograplU8nwcoyi,P.9iS.mccoyi,Streptograptusnodifer, (Upper Valentian, upper 
Spirograptus turricnlatus, S, aff. spiralis, and Petalo^ part of the zone of 
graptussp. Spirograptsis turricula’ 

tits). 

2. Pristiograpius nudus, Pomatograptus halli, Streptograptus (Basal Upper Valentian: 
runcinatus. Sir. &ff.dexirosus,8pirograptus Aff. spiralis, lower part of the zone 
and Petalograptus sp. of Spirograptus turri- 

^ culatus or band of Bas- 

trites maximus). 

1. Mesograptus modestus, Climaeograptus alF. medius et reel- (Lower Valentian; pro- 
angularis, and Orthograptus sp. bably the zone of Or- 

thograplus 

The lowest of these five zones is in all probability equivalent to the Ibimdf the 
two zones established from Dr. Coggin Brown’s collections. It is curious that 
none of the species identified in the upper of the two zones established by Dr. Coggin 
Brown has been found among the collections of Messrs. Yin and Lu. None of 
the five zones established by Yin and Lu has been recognised in Burma. 

A species of Monograptus was found by Coggin Brown in a series of blacks 
micaceous slates, ten miles to the south of Shih-tien, southeast of the small Pai-ma 
valley.* 


^ J. Coggin Brown. Beo., XLVII, 226 (1916). 
^BuU. Geol 8oe. China, XVI, 63 (1936). 
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PALiCOGEOGRAFHY. 

The early part of the Silurian period in many parts of the northern hemisphere 
was characterised by an encroachment of the sea which had begun at the close 
of the Ordovician. The open character of this sea was responsible for the uni¬ 
formity of fauna which has left its relics in the various regions of this hemisphere. 
Towards the end of the Lower Silurian epoch, this marine transgression gave 
plac to an almost universal enlargement of land areas. The Middle Silurian 
was a continental phase, exemplified in the Salina red bods of North America 
but represented nearly everywhere else by an erosional interval of great length. 
Pinally the Upper Silurian was marked by a renewed advance of the sea. 

Towards the end of the Lower Silurian epoch, owing to the general rise of land 
areas, the waters of the world became incompletely separated into three- main 
oceans similar to those which characterised early Ordovician times, viz. (i) the 
Atlantic, (ii) the Arctic or Boreal, and (iii) the Pacific. The Atlantic included the 
sea occupying north Europe and an almost isolated basin, the Bohemian sea, 
covering southern Europe. The great Irkutsk basin of Siberia formed part of 
the Boreal ocean. It is from the Peri-Arctic ocean that the Himalayan and Bur¬ 
mese Silurian faunas, with the exception of that of Zehingyi at the very end 
of the period, were derived. As remarked by Dr. Cowper Reed, “ with the excep¬ 
tion of one species of Mimulus occurring in the Namhsim sandstones, the fossils 
of the Panghsa-pye and Namhsim beds have Peri-Arctic affinities, and no Bohe¬ 
mian types are present. ” ^ 

In Asia, the Silurian of Turkistan, central Asia, Lake Balkash, and the Hima¬ 
laya, appears to have belonged to one great arm of the sea which stretched south- 
eastwards from north Europe and the Arctic, and then eastwards along the Hima¬ 
layan geo-syncline, expanding finally into a large basin which covered parts of 
north Burma, Yunnan, Tonkin and central China. Along this path migrated the 
nuxture of Boreal and Atlantic organisms which characterise the Silurian of India, 
Burma and China. The American element of these Asiatic faunas was probably 
introduced through some transient connection with the Pacific waters. While both 
the Lower and Upper Silurian are persent over much of this extensive waterway, 
the Middle subdivision is represented by the usual hiatus. The rich Silurian fauna 
of central China, in spite of its individual character, betrays its European affinities; 
though many of the corals are peculiar, several European species of both corals 
and brachiopods have been described from the beds.® The meagre Lower Silu¬ 
rian fauna of the Mien-tien group in eastern Yunnan has a shore facies and is 
tlnlik:&|||^,f!rom other parts of China, from Indo-China, from Burma or from the 
IfimMppfts similarity to that of the Medina Sandstone of eastern North America 
may be pari)ly an expression of similar physical environment, as suggested by 
Grabau, out seems to indicate some marine connection between the two areas. 

The rich graptolite fauna of Llandovery and Lower Wenlock age from the 
Northern and Southern Shan States, containing as it does many European species 
of MonograptUB, is an excellent illustration of the extremely wide distribution 
of the pelagic members of the SUurian fauna. One common and continuous 


I XL, 26 (1910). 

Qen. R ep. Bee., XLV, 109 (1915). 




PERMIAN FAUNA. 

I. Streptorhynchus (Schuchertella) purdoni Reed. 2. Productus (Dictyoclostus) genuinusKutotfiti. 3. (B,h). Marginifera 
himalayensis lyien, 3a: dorsal view. 3b: apical view. 4. Chonetes (Plicochonetes) simulata Reed. 5. Rhynchopora? 
complanata Reed. 6. Dielasma truncatum Waeg. 7. Notothyris inaequiplicata Reed. 8. . Spirifer {Purdonella) 
conformis Reed. 9. Spiriferina (SpirifereUina) cri^tata Schlotheim vu. rommixta Reed. 10. Athyris (Cleiothv- 
i^ina) interpo3ita Reed. 11, Spirigerella minuta Waag. 12. Pleurotomaria (Phymatpphwral ucMialwnsisReed. 
13. Mefcrochfilina (Sphaerodoma 6i. mtjncalaru Meek and V/orthen. 14. Euompk^s iSchizpstonui) oldhami 
Reed. 15. Belleropkm eqmvocalis Reed. 16 (a,b>. Xenaspis carbonaria Waag. 


G. S. I.. Calcutta. 
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•Silurian ocean seems to have spread round the northern hemisphere^ and to have 
included the old interior sea of North America. 


With regard to the Zebingyi beds, which show premonitions of the .Devonian 
in their fauna, opinio]\ is necessarily undecided. The fauna has a Bohemian ele¬ 
ment and is described by Cowper Reed as completely Mediterranean, with no 
north European forms.* Even the lithological as well as the palaeontological 
<)haraGter of these beds is said to be strikingly Bohemian. The casue of this re¬ 
markable influx into Asia and of the exclusion of the normal north European 
successors of the pre-existing fauna is not yet known. Whatever their precise 
age may be, Gfabau concludes that there is no positive evidence of the invasion 
of this area by a European sea either in Upper Silurian or Lower Devonian times. 
Such being the case, the Zebingyi area must have fromed part of the marine em- 
bayment which in Upper Silurian times covered a small area in eastern Yunnan, 
southwest Kwangsi and perhaps also Tonkin. Since the fauna of the Zebingyi 
beds exhibits a close resemblance to that of the Manlius Limestone of New York 
and the Lower Monroan of Michigan, this embayment is thought to have come 
from the Indian Ocean region, a suggestion which receives support from the 
absence in the embayment of the normal marine Upper Silurian fauna of the 
northern and western regions. The typical Zebingyi petropods, Tentaculites 
elegans Barr, and Styliolina clavulus Barr, are described from Tonkin, where 
their beds are assigned to the Devonian. Further a field, Monograptus dubius 
Suess has been found in Victoria, and one of the new trilobites from the Zebin- 
gyis of the Southern Shan States, Phacops cf. sternbergi Barr, has a close Aus¬ 
tralian relative. The Silurian fauna of Australia is, in fact, characterised by a 
mixture of species from the two zoological provinces. 

Dr. Du Toit calls attention to the fact that the Muth Quartizite of the Hima¬ 
laya has its close equivalent in many other marginal parts of the old Gondwana 
continent, especially whe^the supposed drifted portions of the latter are restored 
to the most likely position they originally occupied. Over large portions of 
the periphery of the continent “the slow subsidence of the peneplain and the 
reworking by water of the waste thereon led to the formation of pale unfossili- 
ferous grits and sandstones of uniform siliceous character, often strongly false- 
beddedu. With steady sinking this type of accumulation became extended inwards 
•across the faintly inclined coastal region in a covering of considerable thickness 
and enormous extent unconformably upon the highly eroded basement.” Such 
a deposit is represented in Spiti and Afghanistan, and has an enormous develop¬ 
ment in western Africa. Something very like it is also present in British and 
Dutch Guiana and eastern Venezuela (Boraima sandstones), and its recognition 
is unquestionable in the lower part of the Amazon syncline, in Bolivia, in western 
and southern Argentina, in western and southern Brazil, in Uruguay, in the Falk¬ 
land Islands and in Cape Colony (Table Mountain Sandstone). The lowest beds 
of the Beefton Devonian in New Zealand are also quartzitic. As Dr. Du Toit 
Temarks “ from the huge areal extent and presumed manner, of accumulation 
-of this arenaceous facies upon a broad subsiding continentf.l margin, its age cannot 
everywhere be the same Its age appears to vary from Upper Silurian to Lower 
Devonian. Du Toit suggests that “ wind played an important part in its 


*^J2ec.,XL,27 (1910). 
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accamolation b 7 blowing inland qnattz-grains pulsated on w ei^mel^ 
flat sbore, to which they were returned by rivers “ A cold moist climate ia 

indicated.indirectly by the generally bleached nature of the sands.. 

and lack of plant life, an directly by a fairly widespread glacial zone in tha 
southwestern Cape.” Off Gondwanaland deposition was continuous from the 
Silurian to Devonian, in contrast to conditions off the continent of tha 
northern hemisphere. Tiaurasia, where sedimentation normally began with the 
Devonian, save over limited areas. 





CHAPTER XVin. 

DEVONIAN AND POSSIBLE EQUIVALENTS OF 
NORTHERN INDIA. 


Ocourrencea. Kangra^ Bashalir and Rttpslniy Byans. Chftrai : Lower Devonian of Showar. 
Shiir: Middle Devonian of the Baroghil Pass; Uppar and possibly Lower Devonian* 
Reshun area. Upper Devonian, Baroghil Pass; Koragh spur, Shah Janhli Pass and Kosht 
ridge; Owir gorge, Yakhdan\ Lasht and Fetus; Yasin, the Hunza valley, and the Wakhan 
range. Ak Baital, RussianTurkistan. The Khyber Pass. Afghanistan. Jaunsar and Nagthat 
series of Simla» Dehra Don, Tehri Garhwal and British Garhwal ; Stratigraphical position; 
Jaunsars of the Simla area ; Nagthat series of Chakrata, Mussoorie, Tehri Garhwal and British 
Garhwal. Tanawal (Tanol) series. Hazara; Tho Himalaya-Hazara syntaxis Southwest 
Kashmir. 

Occurrences .—So far as is known, the Davonian is not represented by foss- 
liferous rocks either in Peninsular India or in the Salt Range, but is definitely 
present in Chitral, Afghanistan, Persia, the Pamirs southeastern Kashmir (Rup- 
shu), the northeastern Punjab (Kangra district and Bashahr State), the border 
country of Almora and Nepal, and the Northern and Southern Shan States of 
Burma. It is possible that beds of this age are represented by one or more of 
the unfossiliferous formations in Hazara, the central and western parts of 
Kashmir, the Simla and Chakrata section of the Himalaya, and in Southern 
Burma (Tenasserim). As already explained, the Muth Quarzite of the Himalaya- 
Hazara syntaxis, Spiti, Kashmir, Ngari Khorsum (Tibet) and Kumaon is pro¬ 
bably mostly Devonian in age but has been described under tho heading of 
Silurian since it appears to bridge the gap between the two systems and to include 
the uppermost horizons of the older. A description of the Devonian in Burma 
will be included in the following chapter. 

KANGRA, BASHAHR AND RUPSHU. 

In the valleys of the Lipak and Yulang rivers in Bashahr, the Muth Quartzite 
passes up, through about 80 feet of shaly beds and narrow bands of quartzite 
into some 300 feet of siliceous and shaly limestone containing four hard nodular 
coral-bearing bands, varying from 1 foot to 3 feet in thickness. The lowest bed 
of the limestone is made up of a hard siliceous matrix containing badly crushed 
corals, crinoids and brachiopods ; these fossils include numerous examples of a 
large form referable to the genus Orthothetes and resembling 0. (Sckellwenella) 
umbraculum ScKloth., together with Atrypa aspera, and species of Orthis and Cya^ 
thophyllum. Occurring above this horizon, the coral bands appear to be com¬ 
posed entirely of a species of Cyathophyllum^ the material of the original forms 
having been almost completely replaced by calcite and silica. The following is 
a list of all forms so far obtained from these limestone bands as detennined by 
Dr. Cowper Reed': 

Crinoidea— 

Crinoid eteme. 

Aotinozoa— 

Cyathophylloid coral. 

Bryozoa--* 

l^oiiroma yidangenais Reed. 

^ Bee. XLi, 110 (1911). 
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Braebiopoda— 

Atrypa aspera Schloth., 

Orthothetes Aff.crenUtriaVhilL, 

Produetelh or Strophalosia ep. . 

The above limestone is found also in the area of the Spiti river sources and, 
though greatly crushed, contains brachiopods similar to those fonnd in Bashahr, 
including examples of the same Orthothetes, The same limestone is probably 
represented in the Muth section of the Pin valley, but here contains no deter¬ 
minable fossils. Where present, this limestone is overlain by limestones and 
quartzites of Lower Carboniferous age^. To the complete section, so well seen 
in the Lipak valley, from the top of the Muth tjiiartzite up to the upper limit 
of the limestone and quartzite group, Hayden gave the name of “ Lipak series”. 
There is little doubt that the upper part of this series, an alternation of lime¬ 
stones and quartzites, belongs to the Lower Carboniferous, and that the lower, 
between the base of the limestones and quartzites and the top of the Muth Quart¬ 
zite is referable to the Devonian; the small fauna suggests the lower horizons of 
the Upper Devonian or the upper part of the Middle Devonian, from which it 
seems more than probable that much at least of the Muth Quartzite should also 
be included in this system.^ Hayden was inclined to regard part of the Muth 
Quartzite as a conformable bridge between the Upper Silurian and the Lower 
Devonian, since the formation lies conformably upon beds of Llandovery or 
possibly Wenlock age containing Pentamerus ohlongus. 

In this part of the Himalaya the lower or Devonian portion of the Lipak series 
which, as we have seen, consists principally of a splintery siliceous limestone with 
two or three Devonian fossils, is frequently wanting in Palaeozoic sections, having 
been removed by the erosion which took place between Carboniferous and Permian 
times. 


BYANS. 

A few fossils collected from a dark compact limestone in the Kali valley (“Tera 
Gfadh camp”), between Nepal and Almora, indicate so far as they are determin¬ 
able either the lower stage of the Upper (Frasnian) or the upper stage of the 
Middle (Givetian) Devonian. The following have been identified by Dr. 
Cowper Keed.* 

Aotinozoa— 

Favositea of. baaaltica Goldf.* 

Braohiopoda— 

Atrypa reticularia var. deaguamata Sow., 

„ aapera (Schloth.), 

Pentamerua of. aublinguifer Maurer., 

Camarophoria of. phillipai (Day.), 

Witaoma of. omega Whidb., 

Orthis aff. hiatriata Tsohern. 

Lamellibranohiata— 

Pterinopeeten or Aviculopeeion (sp.) 

Cephalopoda— ^ 

Orthoceraa ep. 


I H. H. Hayden. Hem., XXXVl, 44 (1904). 

> F« B. Coi^r Beed. Bee., XLI, 110 (1911). 

* Bee,, XLI. 107 (1911). Two other forme whioh may have come firom this same locality 
are: a species of Feneatdla and a coral much like Favoaitea cervieomta Blainv. 





DEVONIAN FAUNA. 

I. Pheuopslatifoms {TiTonn). 2. Dalmanites (Asteropyge) ioraihensis'Reed. 3. Hemitrypti oculata'Ph.iXiipe^ 
4. Polypora hundlestoni Reed* 5 Cyathophyllum (ThamnophyUum) mukizonatum Reed. 6. AuleccphyUum 
looghiense Schluter. 7. Cdlceola sandalina Lamark. 5. Storthingocrinus fritillus (Wittfien and Zeiler^ 

^ &ictrocrtnu« 6innamcu5 Reed. 20 Uncinulus vat. transiens Reed. 21. Atrypa spinosa Hally»x. chitralensis 
Reed. IZ, Spirifer vemeuili Murchison, 13. Chonetes subcancellata Reed, 14. Bellerophcn shanensis Reed, 

G. S. I.. Calcutta. 
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CHITRAL. 

Lower Devonian Sbowar Shnr.— >A dark, rather foetid, compact or 
partljr crystalliae and occasionally fissile limestone from* Showar Shur near the 
Baroghil Pass, in the Yarkhtm valley of Chitral, has yielded the following lower 
Devonian fauna collected by Lieut. I. H. Grant and determined by Dr. Cowper 
Beed: 

Crinoidea— 

Crinoid stems. 

Actinozoa— 

Striatopora cf. vermicularis McCoy. 

Bryozoa— 

Feneatella sp., 

Thamnicella ? sp. 

Brachiopoda— 

Spirifer aff. primoevua Stein., 

,, of. robuatua Barr., 

„ aff. canaliferua Valenc. ?, 

Athyria of. aubconcentrica d* Arch. & Vern., 

Pentamerua {Sieberella) aieberi von Buch, 

Vnc.inuLua cf. bureaui Barrois, 

Liorhynchua sp., 

Orthia cf. proecuraor Barr., var. aulcata Soup., 

Stropheodonta philUpai Barr., 

Ortliothetes hipponyx (Sohnur), 

Chonetea aff. embryo Barr., 

Productella ? sp. 

Lamellibranchiata— 

Pterinoea sp. 

Gastropoda— 

Polytropua giiillieri Oehl. ? 

Trilobita— 

Proetua chitralenaia Reed. 

These fossils, some of which are in nearly perfect preservation indicate a Lower 
Devonian age and comprise an intermixture of species possessing either 
Bohemian or north European affinitiesthe Bohemain element is said to 
predominate, but a similar assemblage has been observed in the Lower Devonian 
of the Urals and Altai, and it was from the Ural gulf that the Ak Baital fauna 
of Russian Turkistan was probably derived. 

Middle Devonian of Baroghil Pass. —From one of the limestones in 
the Baroghil Pass was obtained a poor and crushed specimen of a Spirifer which, 
if correctly(referred to Spirifer mediotextus or S. subcuspidatus, would indicate 
a Middle rather than an Upper Devonian age for the bed.* 

Upper and Possibly Lower Devonian^ Reshun Area. —Some thirty miles 
to the northeast of the town of Chitral, in the vicinity of Reshun, a conspicuous 
conglomerate and some shales of Lower Tertiary age, according to Mr. Tipper, 
have been let down between two faults of great throw against Devonian beds on 
the northwestern side and against the Chitral Slates of Upper Palaeozoic age on the 
southeastern.* Generally speaking, the beds wbich abut on the conglomerate 
and shales to the northwest are composed of siliceous limestone and quartzite 
both of which, in the words of Hayden “ recall the upper part of the Silurian and 

^ Bee. XLI, 87 (1912); see also J. Goggin Brown. Bee., XLV, 271 (1916): and F. B. 
Cowper Reed. Pal, Ind„ New Ser., Vol. VI, Mem. 2, p. 2 (1922). 

* Pad. Ind., New Ser,. Vol. VI, Mem. 2, p. 128 (1922). 

> The conglomerate was at first thought to be the equivalent of the Blaini (see OeoL Maa., 
Deo. IV, Vol. IX, 3-8 (1902)). ^ 

12a 
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Chap. XYIII.] bhvonuh and possible equivalents 
A otinozoa*- 

Oyathophyllum torqutUum SohlAter, var. orietUalie Bead, 

* n heterophylloidea Freeh, 

„ (Htliophyllum) eylindricum Schulz, 

,, {HexagoniophyUum) sedgwiehi Edw. & H., 

„ (Thamnophyllum) multizonatum Beed, 

trigeminum (Quenst.), 


„ {Catnpophyllutn ? ) chitralense Beed, 

Phillipsastroea monticola Beed, 

'^Pachypora criatata Blum., 

,, polymorpha Qoldf. , var. viator Beed, 

Striatopora devonica Sohlater, var, ehitraUnsis Beed, ^ 

„ anguloaa Giirich, var. koraghenHa Beed, 

„ aff.tchichataehewi von. Peetz, 

Alveolitea auborhieularia Lam., var. hudlealoni Beed, 

„ [Plagiopora ^’] ramoaa Boemer, 

Plagiopora auhtuberoaa Beed, 

• Hydrozoa— 

Thecostegitea houchardi (Mich.), 

Siromatopordla aff. granulata Nich., 

Actinostroma aff. clathratum Nich. 

Cystidea— 

Crinoid stems. 

Bryozoa— 

Polypora hudleatoni Beed, 

„ momahoni Beed, 

Lioclema nivale Beed, 

Fiatulipora ahugramenaia Beed, 

Eridotrypa sp., 

Hederma aff. cxinadenaia Nich. 

Brachiopoda— 

*Graniella obaoleta (Goldf.), 

Orthia {Schizophoria) atriatula Sohloth., var., 

Kayaerella (?) koraghenaia Beed (cf. Orthia venuata Schnur), 

*Stropheodonta {Douvillina) dutertrii (Murch.), var. aaiatica Beed, 

Productellafallax (Pand.), var. chitraUnaiaPood, 

Uncinulua ( Uncinulina) koraghenaia Beed at first indentified as Rhynchonella sp. 

,, „ „ , var. Reed, 

„ „ * „ , var. transiens, Beed, 

„ „ „ , var. ponderosa, Beed, 

Athyria amminata Drev., var. aaiatica Beed, 

,, chitralenaiaPieodt 

,, ,, , var . paeudoglobularia, Reed , 

„ „ , var. Beed at first identified as (AntAofts coneenfnea), 

,, gurdoni Beed, 

„ hudleatoni Beed, 

♦ „ puachiana (de Vern.), 

„ cf. trMeaioidea Oehl, 

Atrypa apinoaa Hall, var. chitralenaia Beed at first identified as {Atrypa aapera), 
Spirifer anoaaofi de Vem., 

* „ bifldus Boemer, 

* „ murchiaonianua do Kon.,‘ 

„ orbelianua Abich, 

♦ „ reahunenaia Reed, 


^ At first identified as Favoaitea cf. criatata (see Hudleston. Oeol. Jfag., Deo. IV, VoV 
jX, p. 61 (1902)). Many of the forms in Hudlestone’s list seem to have been incorrectly iden¬ 
tified (see Pal, Ind,, New Ser., Vol. VI, Mem, 2, p. 124 (1922). 

* Dr. Cowper Beed finds it almost impossible to establish any constant differences b^t^en 
Spirifer murchiaonianua, S. brodi, 8. archiaci, 8. teMiculum and 8. vemeuili, ** for they seem to 
he branches from one common stock with Intermediate gradations and variations. Murchison’s 
8. vemeuili is known to many geologists, especially those in America, under Sowerby’s name 
of 8, diaiimietua ; whatever name is employed, it is a notably widespread speotes 
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*Spirifer vemeuili Muroh, 

* M 9 » $ var. archiaei Moroh.^ 

9 , 99 9 var, moHujensis Reed,* 

„ of. packyrhynchua de Vern. 

Libaellibranohiata— 

Aetin^teria victrix Reed, 

* Avie/iUopeeien ingriae (de Vein.), 
MyxUna sp. 

Gastropoda— 

Euomphalua of. eireularia Phill. 


Cephalopoda— 
Orthoeeraa sp. 
"Ghaetopoda— 

Spirorbia omphalodea 
Trilobita— 


Goldf. 


Phaeopa aff. lati/rona Bronn, 

Dalmanitea {Aateropyge ) koraghenaia Reed. 


According to Cowper Reed, this fauna is Frasnian, i.e., it belongs to the lower 

f )art of the Upper Devonian, though several of the forms occur also in the over- 
ying Fammenian stage. The species above marked with an asterisk compose 
an assemblage characteristic of the Frasnian, and many of the others are closely 
allied to, comparable to, or merely varieties of, well-known European Upper 
Devonian species.* The species of Spirifer are especially characteristic, and 
Spirifer mufchisonianus occurs in similar abundance in the Upper Devonian of 
the western Urals. In addition to Belgium and northern France, where the name 
of Frasnian originated, this type of fauna has been recorded from the Ural moun¬ 
tains, from the Iberg Limestone of the Harz, from Turkistan, Afghanistan, Persia, 
Armenia, parts of Asia Minor, the Tian Shan, various parts of Siberia, and China 
including Yunnan. 


Uppef Devonian, Baroghil Pass. —^A narrow band of ferruginous rocks, 
striking E.-W. and faulted in among the Fusulina limestones of the Baroghil 
Pass section, thickens when traced eastwards and becomes fossiliferous.^ Similar 
fossiliferous rocks are seen resting on the Permian-Triassic beds (Pamir Limestone) 
of the Shawitakh Pass. On the road to Showar Shur, the same rocks are observ¬ 
able, occupying the centre of an overfold which has led to the reduplication of 
the Fusulina and other limestones, the latter forming high scraps to the north of 
Showar. From the fossils obtained therefrom, these ferruginous rocks appear 
to be of Upper Devonian age. They occur again in the hills on the right bank 
oftheKarambar valley, and again on the right bauk of the large glacier south¬ 
east of Showar Shur; the structure in these areas is of considerable complexity.* 
In the hills to the west of the Baroghil Pass, these ferruginous beds are very fossi- 
liferouB and are separated from the Carboniferous and the Permian-Trias by a 
fault. 

Korai^ Spar, Shah Janali Pass and Kosht Ridge. —^Towards the end 
of the Eoragh spur, the fossiliferous beds are overlain by quartzite which seems 
to be a repetition of the rock further down in the section. There may be a fault 
through the spur, and its higher pai^s are worthy of search in the hope of finding 
more of the Palaeozoic group including the Lower Devonian Limestone of Shower 

* Identical with a foAn from Afghanistan. 

* At first identified as Spirjfer extenaua» 

* Pal. Ind .9 New Ser., Yol. VI, Mem. 2, p. 126 (1022); see also Qaal. Mag. Deo. IV. Vol. IX, 
8-8,40-68, and (Jan. ft Feb. 1902). 

4 Qen. Rep., Ree., LVI, 46 (1^). 
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Shur. Opposite Eoragh, the Mastuj river is joined by another broad streanr 
which drains Murikho and Turikho ; this is a large valley running up to the snowy 
peaks fronting Kala Panja. The valley is the structural continuation of that 
of the Mastuj river from Koragh downwards. In the upper Turikho valley, in 
the neighbourhood of the Shah Janali Pass, there conunences a series of black 
slates, grits and quartzites, with some conglomerate bands. The outcrop gra**’ 
dually increases in breadth owing to the intercalation of epidotised trap rocks, 
of masses of conglomerate composed of white rounded quartz pebbles in a red 
ferruginous matrix, and also of some detrital rocks of volcanic origin. Traced 
to the southwest, these rocks pass into softer black shales and quartzites forming 
the Eosht ridge and lithologically similar to the Sarikol Shales. The rocks of 
the Eosht ridge are generally unfossiliferous but occasionally contain Orthoceras 
and crinoid stems. One band of limestone, forming part of these beds, has yielded 
numerous fossils, an examination of which suggests that the beds are of Upper 
Devonian and not Lower Carboniferous age as had at first been supposed. Tipper 
suggests that they may be the continuation of the ferruginous beds of the Baroghi 
section^ 


Owir Gorge, Yakhdan, Lasht and Petus. —The Upper Devonian between 
Reri and Owir, along the Owir gorge, has yielded a number of good fossils. As 
at the Baroghil Pass, there is a considerable thickness of beds above the horizon 
of the Eoragh spur and Shugram which contain typical Upper Devonian fossils. 
Above Buni, the Devonian beds appear to cross the Mastuj river, which here flows 
from east to west, and to run along the high ridge between Turikho and the Yar- 
khun valley®. Just above the small village of Yakhdan, rocks similar to the 
Reshun conglomerate, grit and crinoid limestone, all considerably metamorphosed, 
are found on the right bank of the river. Behind Lasht,which is also on the right 
bank of the river, the crinoid limestone series, presumably representing the Devo¬ 
nian of Reshun, underlies a very thick sequence of black slate and white quart¬ 
zite which forms the high ridge north of the village and extends up to the snow¬ 
line where it is in contact with intrusive granite. This probably corresponds 
to the Sarikol Shale series of the Shugram area. These rocks—conglomerates, 
limestones and slate, with intrusive granite—continue with an equatorial strike 
all the way to Petus, the last village in the Yarkhun valley. Above Petus, the 
prevailing rocks in the Yarkhun valley are slate and quartzite, with some lime 
stone and granite in the high hills on either side. 


Yasin, the Hunza Valley, and the Wakhan Range.— <it is probable that 
the Devonian and other members of the Palaeozoic are present in Yasin®, and 
in the Hunza valley^. The southwestern comer of Chinese Turkistan is occupied 
by shale and slate belonging to the Sarikol Shale series. In the high hills, 
the series is chiefly slaty, owing to the neihgbourhood of intrusive 
granite and other igneous rocks ; where the igneous rock is some distance away 
needle shales take the place of the slates and vividly recall the much younger 

® den. R^., Bee,, LVI, 47 (1924). 

® H. H. £&yden Bee. XLV, 289 (1915). 

* See Qen. u. A. MoMahon and W. H. Hudleetone, Geol. Mag. Deo. IV. Vol. IX, 3-8(1902)* 

« 0. A. MoMahon. Q. J, Q, 3., LVI, 337 (1900). 
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(Mesozoic) Spiti Shales of the Himalayas. The series extend to the west and is 
dearly the continuation of that seen from the Baroghil and Shawitakh Passes. 
It was found by Hayden in the Wakhan or Nicholas range, between the Great 
Pamir and Wakhan whence it appeared to be perfectly continuous into the south¬ 
western extremity of the Taghdumbash Pamir. Here and there band of crys¬ 
talline limestone run through it. In the Pamits this series is much intruded by 
trap.^ 

OAk Baital, Russian Tlirkistan« —^The Devonian occurs below the Ak Baital 
Pass in the Pamirs in the form of carbonaceous shale with thin courses of 
limestone and occasional bands of sandstone. Both limestones and sandstones, 
more especially the former, have yielded a fauna of widely different facies from 
that of Ohitral; so far as known, not a single species is common to the two 
areas. Brachiopods, especially rhynchonellids, greatly predominate, both 
as regards number of species and number of individuals, while corals and 
cephalopoda are practically absent. The most abundant fossil is Camarotcechia 
baitalensis Heed, and varieties thereof; next in importance come species of 
Spirifer, the most plentiful being S. pamirictts Beed. Corals and cephalopoda 
are practically absent. The following have been determined by Dr. Cowper 
Seed:® 

Aotinozoa— 

Bloihrophyllum 9 sp. 

Brachiopoda— 

OfihU {Bhipidomdla and 9 Dalmanella) sp.. 


A. 

ProducUlla arctiroslrata Hall ?, 

A. 

ft 

ImtaUnsis Reed, 

A. 

tt 

hirsuta Hall, 

A. 

tt 

lachrymosa Hall, var.ltffia Conr., 

A. 

tt 

„ var. stigmata Hall, 


tt 

>1 

msmbranacea (Phill.), 
robertsoni Beed, 


ri 

subaculeata (Murch)., var. pamirica Reed, 


tt 

sublaminata Beed, 


Strophalosia compta Reed, 

A. 

tt 

cf . muricata Hall, 


tt 

of. truncata Hall, 


Chonetes 

mcmahoni Beed, 


,, nana de Vern., 

A. CamarotoBchia haitalenisBeed, 

„ „ , var. tranaversalis Reed, 

„ „ , var. comitata Reed, 

„ quillieri Oehl., var. pamirica Reed, 

Pagnax acwminata (Mart.) var., 

Camarophoria (^formosa Sohnur, var. martiaUe Reed, 

A. „ (?) Toll, var. Reed, 

„ (?) „ , var. semt/omosa Reed, 

A. M (1) suhplana Eeed, 

LiorhynchuB (^ longinquua Beyr., 

Bifida (1) problematica Reed, 

Bpiriferpamirictts Beed, (close to or identical with the the Russian S, anossofl de Vern 
found in the Slrin^eephalua stage), 

A. „ >» » var. paraUs Reed (identical according to some palaeontologists 

with 8p. wmsuiti Muroh.) 

„ of.JefsmejseiTschem., 


^ Rec., XLV, 800 (1915), 

« Pal. Ind., New Ser., Vol. VI, Mem. 8, p. 128 (1922). 
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A. Ambaeodiagregmria Hall, var. cuiatiea Bead, 

Lamellibranohiata— 

Streblopteria cf. devoniea (Freoh), 

Paeudamuaium f sp,, 

Leptodeama sp. 

X^astropoda— 

Pleurotomaria of. voronejanaia de Vern., 

Naticopaia ? sp. 

The brachiopods are closely allied to or identical with forms in Persia, Europe 
and America. The fauna is characterised by species with decided American 
affinities (marked “A” in the list), and is in this respect brought into relation¬ 
ship with faunas from Ferghana, Chinese Turkistan, the island of Kotelny and 
the western slope of the Urals; with one horizon in the latter, correlated with 
the Stringocephalm stage of western Europe, the general similarity is marked. 
While the Chitral Devonian, therefore, possesses a fauna of a western European 
type, the Pamir fauna is much closer to that of the Boreal province, to which the 
Urals belong, and is unlike that of any beds in Western Europe. Cowper Beed’s 

opinion is that the fauna should be regarded as belonging to the Upper Devonian 
rather than to the uppermost Middle Devonian, while Grabau suggests that it 
is a passage fauna between the two. 

The fossiliferous beds described above are underlain by coarse pisolitic lime¬ 
stones containing small Ehynchonellidae and associated with hard compact lime¬ 
stones containing silicified corals. 

THE KHYBER PASS. 

Some large blocks of yellow sandy, limestones, observed near Jamrud by 0. S. 
Fox were found by Tipper to contain species of Products and Spirifier indicative 
of a Devonian age ; they are thought to have come from the limestone scrap east 
of Shahgai.^ This limestone may be identical with one found in the Bazar valley 
and also near Parachipar. 


AFGHANISTAN. 

In the Koh-i-Baba and the Hindu Kush of Afghanistan, the graphitic slates 
of the Kalu series, representing some part of the lower Palaeozoic, are overlain 
by a bed of haematite, followed by a limestone which at the foot of the Kotal-i- 
Hajigak (Hagigak Pass), contains a Devonian fauna.^ In the neighbourhood 

of Kalu, the hcematite forms a thick bed capping the high ridge which runs north¬ 
east towards Ghorband. On the southern flank of this ridge, the hsematite is 
overlain by slate which in turn is suceeded by grey limestone with calcite veins 
and numerous small crystals of haematite; this is associated with a fossiliferous 
black thin-bedded limestone. Fossils from a small outcrop of the last-mentioned < 
bed at the foot of the Hajigak Pass, cheifly brachiopods, belong to an Upper- 
Devonian fauna of the same type as that found in the Sliugram and Koragh loca¬ 
lities of Chitral, and include, according to Cowper Reed :— 

Actinozoa— 

CyathophyUum of. hypocratariforme Goldf. 

Striatopora ? sp. 


» l?ec., LIX, 15 (1926). 

a H. H. Hayden. Men. XXXIX, 23—26 (1911). 
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Braohiopoda— 

Spirifer vemetUli, var. archiaci Muroh.» 
Wilaonia euboides (Sow.) 

Bhynehonella (? Wilaonia) of. dumonti Gfoss., 
Camarotceehia omdliuai Goss., 

Productella avhaeuUata (March.), 
Strophaloaia prodnctoidea (March,), 
Stropheodonta inJtefatrialia (Fhill.) ? 


Some of the specimens are well preserved but the majority are poor, the most 
abundant being the variety of Spirifer verneuili and Productella subacukata.^ 
The grey limestone is of Lower Carboniferous age. 

From Ohorband, the haematite, associated with a red limestone extends along 
the lower slopes on the left side of the valley, northeastwards across the lower 
spurs of the Hindu Kush, up the Panjshir valley, into the hills of Kohistan. In 
the Ghorband valley, the haematite bed is overlain by a crystalline series of slate, 
schist and limestone, which presumably represents the Hajigak series; the only 
fossils found in the limestone which, like the other beds, is metamorphosed and 
quite crystalline, are crinoid stems, occasionally in profusion.* 


JAUNSAR AND NAGTHAT SERIES OF SIMLA, DEHRA DUN, 
TEHRI GARHWAL AND BRITISH GARHWAL. 

Stratigraphical position*—The name Jaunsar, as restricted by Pilgrim 
and West, was applied to a series mapped in the Simla area and at first called 
by them the Jagas series. Generally speaking, it underlies the Ohails which have 
been thrust over it. It often shows a higher degree of metamorphism than the Simla 
Slates, and was provisionally regarded at first as older than and thrust over the 
latter, and assigned to a later section of the Purana. As a result of further work 
to the southeast, it has been suggested by Auden that the Jaunsar series is younger 
and not older than the Simla States, i.e., that it is stratigraphically as well as 
tectonically above them. According to the idea, it is a shallow-water, 
conglomeratic phase, probably of epi-continental character, intervening between 
the Simla States and the Upper Carboniferous Blaini, but frequently 
missing from that position owing to the unconformity beneath the Blaini.* This 
scheme would correlate the Jaunsars of Simla and their supposed equivalents 
around Chakrata—^the Nagthats—with the slates and quartzites of the Lower 
Tanawal series of the Hazara-Kashmir area, and place them somewhere in the 
middle of the Palesozoic (? Devonian). In the Simla region, the outcrops of the 
Jaunsar beds are seen skirting the Chail exposures and occurring between them 
' and the Simla Slates; for long mstances a narrow band of the Blaini (or MandhaU^) 
separates the Jaunsars from the Simlas. The Jaunsar series, as delimited 
by Pilgrim and West, includes little more than the middle division of the system 
to which Oldham gave the same name, «.e., thered quartzites and slates’’ 
among which occur the highly characteristic conglomerates, though these are 
not specifically mentioned by Oldham. Pilgrim and West excluded the lime- 


108(1911). 

* H. H. Hayden. Mhm., XXXIX, 23-25 (1911). 
*Beo.,LXy, 132(1931). 
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stones and the doubtful volcanic beds, and their restricted use of the term Jaunsar 
is adopted in this work.^ 

Jaonsars of the Simla area.— In the Simla area, the following is a typical 
sequence of the Jaunsar beds which, however, are described as varying rapidly 
in character from place to place and containing no conspicuous horizons,;^ 

Ohail Thrust . 

(5) Pale Bub-schistoee slates. 

(4)'Muoli-onished micaoeous slates and phyllitos. 

(3) Purple phyllites and oonglomerate. 

(2) Purple, green and grey quartzites or grits, pebbly in their upper horizons. 

(1) Slates with slaty cleavage and vein quartz. 

(Boulder beds, perhaps belonging io the Mandhali.) 

(Simla Slates.) 

A conglomerate in the Jaunsar near Kuffar shows the effects of intense crush¬ 
ing, the pebbles, consisting mostly of hard quartzite, having been sheared and 
drawn out, and the principal mineral changes localised about the surfaces 
of friction. Other crushed conglomerates in the same locality present the appear¬ 
ance of a silvery, purple, talc schist or phyllite with somewhat lenticular pebbles 
of quartz. Elsewhere, bands of conglomerate are observable in a purple, current 
bedded “quartzite” ; in this typical shallow-water deposit pebbles of milk-white 
quartz, averaging about 1 inch but ranging sometimes upto to 3 or 4 inches in dia¬ 
meter, form the bulk of the conglomerate and are very conspicuous, while in addition 
there are pebbles of purple quartzite and fragments of slate, the latter so abun¬ 
dant locally as to give the rock a semi-schistose character. A peculiar green 
slickensiding is characteristic of the Jaunsar beds of the Simla area, especially 
in the basal phyllites. 

As in the case of the Chail series, the dynamic actor has been the prepon¬ 
derating influence in the metemorphism of the Jaunsars. Pilgrim and West 
remark that the distinctness as regards metamorphism of the Chails from many 
of the beds of the Jaunsar series is not superficially notable. The latter, for in¬ 
stance, includes true slates with the original bedding markedly oblique to the 
present cleavage. There are, however, appreciable difference in the case of the 
arenaceous rocks. In the Chail series, these include true quartzites with grano- 
blastic structure—a mosaic with no inteistitial spaces. In the Jaunsars, these 
beds invariably show signs of the original clastic structure, and the constitutent 
grains of quartz have suffered no recrystallisation. In fact, the Jaunsar beds, 
since they show no siliceous cement, are better described as sandstones or grits, 
or at the most incipient quartzites; in places they are characterised by marked 
current-bedding. The presence of true phyllites in the Jaunsar witness to 

1 Oldham’s upper division probably inoludes Jutogh hornblende schists, members of the 
Ohail series and one or two true Jaunsar beds; his lower division, as we have seen is not in¬ 
cluded in the Ohail. Oldham first called his ** Jaunsar system *’ the Chakrata series " {Bee. 
LXVI, 129 (1932)). Auden^ working in the Chakrata area whore Oldham established his classi¬ 
fication, at first used the term Jaunsar for a more extended succession than that included by 
Pilgrim and West, and divided the series into three stages, the Lower or Mandhali, the Middle 
or Ohandpur, and the Upper or Xagthat. On joining up with the work around Simla, however- 
it has been found that the Ohandpur rooks are most probably the equivalents of the Chails,. 
while the Nagthat beds appear to represent the whole of the Simla Jaunsar series. The Man-^ 
dhalis may prove to be the equivalents of the Blaini, but their age has not yet been satisfactorily 
determined. Oldham mapped the Nagthats as Mandhalis. 

i Gkiy E. Pilgrim and W. D. West. Jfem., LIII, 15 (1928). 
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a locally low-grade metamorplusm sufficent to produce sericitio mica in the 
arglliaceous members of the formation. Attention has already been drawn to the 
difference in grade between the metamorphism of the Jutogh beds on the one hand 
and that of the Ohails and Jaunsars on the other. There is a marked contrast 
in the other direction according, to Pilurim and West, with the Simla series, 
the argillaceous components of which are often not even in the condition of true 
elates, in spite of the fact that they are probably older than the Jaunsar deposits. 
Such metamorphic differences are evidently untrustworthy for stratigraphical 
purposes, unless considered along with the tectonic history and position of the 
beds compared, especially in relation to any neighbouring igneous intrusion, and 
after due recognition of the fact that the degree of metamorphism of a series of 
rocks may very appreciably in the Himalaya when the formation is traced laterally 
from one area to another. 

To the southwest of Jutogh, the double band of Jaunsars together with the 
intervening band of Simla slates probably forms an overturned iso-anticline dipping 
towards the northeast; the boundary between the two series in the overturned 
limb is interpreted by Auden as the commencement of the Giri thrust. To the 
southwest, the anticline is followed normally, according to this observer, by an 
inverted syncline involving the Blaini, Infra-Krol and, further along, the various 
^6*ubers of the Krol series. The Jaunsars are well exposed on each side of the 
Giri river, southeast of the town of Ohail, where they are separated from the Simla 
Slates b^ a narrow band of the Blaini, or what is its possible equivalent, the Man- 
dhali series. Similarly, little further north, the beds at first on both sides of 
the Mangred Khala are assigned to the Blainis or the Mandhalis, to which conglo* 
metric formation also belongs the small outcrop mapped as Jaunsar on the left 
bank of this stream. Where traversed by the Giri river, the Jaunsar beds must 
be quite^ 1,500 feet thick, consisting mainly of massive white and purplish green 
quartzitic sandstones and purple phyllites. 

The Jaunsar series is seen again in the Mahasu ridge northeast of Simla and 
to the south of Phagu where it attains considerable dimensions in the later 
locality, the Ohail beds dip beneath the Jaunsars which are here almost horizontal 
and comprise purple conglomerates full of quartz pebbles and very like the 
conglomerates in the Ashni river section, massive white quartzitic sandstones, purple 
phyllites,^ and a green and purple schistose slate extensively used for roofing 
purposes in the neighbouring villages.. Further northwest, the series becomes 
attenuated and is probably represented by the steep, southwesterly-dipping, 
massive, white quartzite of the Mashobra-Mahasu ridge, beneath which the Ohail 
heds are still seen to be dipping. 

Nagthat series of Ch^krata, Mossoorie,. Tehrl Garhwal and British 
^'Garhwal.— The Nagthat series, in the northern limb of the Ohakrata syncline, 
appears to lie conformably on the Ohandpur beds, often with a basal conglomerate • 
in the south, it is thought to overlap the Ohandpurs with marked unconformity! 
The characteristic rocks of this stage are sandstones, arkoses,, quarzites, grits, 
conglomerates, clay-slates and phyllites showing purple and green colours. The 
vanation in metamorphism in great, from soft clay-slates to talcose phyllites 
or from sandstones to schistose quartzites. The arenaceous rocks are stongly 
current-bedded and ripple-marked and some of the sandstones are pyritio. As 

* Gen. Rep., Rec., LXH, 166 (1929). 
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in the Jaunear conglomerates of the Simla area, the pebbles of such rocks are 
composed of vein-quartz often stained red or purple, of purple and pale quart¬ 
zite, and of purple and green slate or phylUte. Eastwards, green tuffaceous sand¬ 
stones are developed, as well as quartzites, some of which aie agglomeiatic and 
reseinble the gritty facies of the Blaini when relatively free from pebbles and 
boulders. Associated with the quartzites, slates and phyllites in this stage are 
also some boulder beds, with angular boulders of dark slate and greenish quart¬ 
zite—^types common in the Jaunsar series—lying in a gritty matrix. It is to 
the Jaunsar rocks of the Simla area that the Nagthat series would appear to 
correspond. 

According to Auden, the metamorphism of the Jaunsar as well as of other 
rocks of the Krol belt is typically epi-grade. Some of the quartz schists of the 
Jaunsar or Nagthat series have been sufSciently altered for the clastic structure 
to be almost obliterated, and mosaics of reorystallised quartz are frequent, but 
such changes are never found uniformly thorughout the whole body of the rock. 
Allusion has already been made to the wide variation in the degree of metamor¬ 
phism. Sandstones, quartzites and quartz schists are wll found in close associa¬ 
tion; single beds of quartzite may be distinguished by extreme permeation by 
vein-quartz due to crushing, while adjoining beds are free from such veining. 
Similarly clay-slates, slates, phyllites and chlorite-schists also occur in close proxi¬ 
mity to one another, the green beds being specially susceptible to alteration. 

The Jaunsar arkoses, which contain plagioclase and tourmaline, witness to the 
presence of a pre-jaunsar granite, the pegmatite of which perhaps furnised the 
vein-quartz of the Jaunsar pebbles. This granite is thought to have been an 
earlier grainte than that of the Chaur-Landsdowne-Dudatoli intrusion. 

Locally the Jaunsar series seems to have been completly eroded away pre¬ 
vious to the deposition of the Blaini, which in local sections lies directly, though 
with no visible discordance of bedding, upon the Simla slate series. 

In the Mussoorie area, the syncline of Blaini, Infra-Krol, Krol and Tal rocks 
is in contact on the northeast with the Nagthat series, uopn which the Blaini 
unconformably rests, the whole of this sequence together with the underlying 
Chandpurs forming the Krol mppS ; the Nagthat themselves cut across the Man- 
dhalis and Chandpurs.^ The Krol nappi lies between the Krol Thrust below 
and the Garhwal Thrust above, and is overlain by the Garhwal nappi. In other 
parts of the Dehra Dun district, the Nagthat have been thrust over Nummulitic 
and younger Tertiary beds (Miocene), along the Krol Thrust. Both the Chand- 
pur and Nagthat beds of the Krol nappi show a marked increase in metamorphism 
from southwest to northeast.* on the southwest side of the Mussoorie syncline 
for example, the mottled green and purple Nagthat sandstones are described 
as similar in appearance to the Vindhyan; on the northeast side, the beds lose 
their purple colour and become schistose chlorite-sericite quartzites. Southeast- 
wards along the strike also, there is a decrease in metamorphism which appears 
to be only temporary, for the rocks resume their schistose condition around 
Lansdowne and near the granite of this area beconxe gametiferous. While in Tehri 
Garhwal and Dehra Dun, the Nagthat beds fronx part of the Krol nappi, in British 
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Qarhwal they share in the formation of the Oarhwal mppi. Low down in the 
Medi Gad Section, however, not far from Lansdowne, are repple-marked 
quartzites exactly like those in the Saunsars of Simla and Chakrata. The 
Nagthat series forms part—probably the lowest part—of Middlemiss, “ Purple 
Slate series identified first in Tehri Garhwal and British Qarhwal and 
afterwards in the district of Naini Tal, forming the whole of the northeastern 
and part of the southwestern rim of the basin which encloses the lake and town 
of that name.^ Some of the Nagthat and Chandpur beds were included by Middle- 
miss in his ** Inner Schistose series ” of the same region. The so-called‘‘Purple 
Slate series and “ Volcanic Breccia ” were found by Auden to be a mixture of 
Infra-Krol, Blaini, Nagthat and Ohandpur beds. 

Auden draws attention to the similarity between the Nagthat beds and the 
Tanawalsof Kashmir, which are described below; both are continental forma¬ 
tions, both show variation in the degree of metamorphism, and both present 
Anomalous relationships to surrounding formations. 

TANAWAL (TANOL) SERIES. 

Hazara.—Bordering part of the Slate zone of Hazara, along its inner or north¬ 
western boundary, is an irregularly lenticular patch of metamorphosed sediments 
consisting of two members, the exact interrelationship of which is uncertain. 
The calcareous member, the Infra-Trias ” of Middlemiss, is described by Wynne 
as lying in synclinal folds of the quartzose member, and will be dealt with under 
the heading of Carboniferous. At the same time, the possibility of the quartzose 
being, to some extent at least, but a silicified modification of the calcareous member 
must not be overlooked. The quartzose member is, broadly speaking, the “ Tanol 
series of Wynne, called after the ancient name of the country in which they 
are found in northwest India. A belt of these strongly quartzose, slightly schistose 
sediments has been recognised further to the northeast, lying in the Dogra Slates 
of eastern Mansehra and extending up into the Kaghan valley.* 

The outcrops of the Tanawal series—^to adopt the more moaern spelling— 
are in most cases confluent with those of the Infra-Trias, from which it seems 
probable that there is no break of any magnitude between the two groups.* The 
difficulty regarding their mutual relationship is lessened if it be assumed that 
there are two distinct conglomerates, one at the base of the Tanawals and the 
other at the base of the younger Infra-Trais. As we have been, there is good 
reason to belive that two such conglomeratic horizons are present in the Simla 
and Chakrata areas, on the well-known Blaini, and the other and older forming 
part of the Jaunsar or Nagthat series. The conglomerate beds of the Tanawals 
might thus be members of the Jaunsar or Nagthat sequence; the Tanakki Con¬ 
glomerate, overlying the Tanawals and forming the base of the Infra-Trias would, 
under this scheme, correspond to the Blaini of Simla.* That the Tanawals may 
be the equivalents of the Jaunsars receives support from the opinion of Middle- 
miss who remarks that '^in Jaunsar the* Ba war ’ quartzites seem unmistakably 


* Bsc., XX, 34 (1837); Ihid. XXHI, 218 (1890); lUd. LXVI, 461 (1982). 

* The provisicmal ** Jured secies of Wadiai Pse., LXin 181 (1080). 

* 0. S. Middlemiss. Mem., XXVI, 288 (1896). 

« J. B. Anden. Bee., LXVII, 421 (1983). 
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to be the equivalents of the Tanols”.^ Wadia and West also note that among 
the Tanawals there occur rocks lithologically very similar to the massive pebbly 
quartzites of the Jaunsar series.* In places Tanawals attain much the same 
grade of metamorphism as the Dogra Slates with which they are so frequently 
infolded, and there is sometimes a difficulty in drawing a boundary between the 
two, though the Tanawals are probably much the younger. The high grade 
of dynamic metamorphism seen in some members of the Tanawal series in the 
northwestern parts of the district—for example, in the thinly foliated quartz- 
schists and mica schists—was regarded as indicating an age older than that of 
the Gondwana; although such a criterion is unreliable in a much folded area, 
the apparently conformable passage of these sediments into the Agglomeratic 
Slate at Jured favours an age a little older than that of the Panjal Volcanics 
of which the Agglomeratic Slate froms a part. This would make the Tanawals 
probably Devonian, partially equivalent to the Muth Quartzite, perhaps extend¬ 
ing up into the 1 wer part of the Carboniferrous.® 

The Tanawal Conglomerate, or Talhatta Conglomerate as it has been called 
is more deformed than the supposedly younger Tanakki Conglomerate, though 
both are found in the same metamorphic belt. In the more advanced stages 
of deformation, the pebbles of the Tanawal Conglemerate are drawn out and 
flattened into mere flakes ; these are traversed by parallel shear planes along which 
metamorphism has commenced and whose boundaries have been obscured.* 

The northern boundary of the Tanawalas is vague and indefinite, but according 
to Middlemiss, shearing and reversed faulting have been the main agents in bring¬ 
ing about the apparent merging of the Tanawals into the more ancient crystalline 
schists which succeed them in this direction. 

The Tanawal series, well exposed in the Gandgarh range on the Indus in 
western Hazara, comprises a well stratified sequence, according to Wadia, of 
purple, grey and white quartzites (metamorphosed sandstones) with quartz schists 
and phyllites, associated with some massive quartzitic beds having peculiarly 
scoured and grooved surfaces and containing veins, layers and patches of coarsely 
crystalline dolomite,® Wynne describes it as consisting of quartzose rocks, some 
of them almost unchanged sandstones, in rapid alternation with dark, earthy 
bands, flaggy, shaly or slightly schistose, with occasional conglomeratic slates 
containing pebbles of quartz and quartzite ranging up to the size of goose’s 
egg.* Middlemiss speaks of the series as varying little in character. According 
to him, the basal conglomerate is succeeded by extremely fissile purple slates 
whose surfaces are minutely speckled. The latter are followed by limestones 
and quartz schists or quarzites, which appear to alternate with one another. 
The quartz schists and schistose, quartiztes, of which a very great thickness is 
exposed in Tanawal and the Gandgarh range, are white or cream in colour, massive, 
rather coarse, felspathic, and faintly conglomeratic in places. The Tanawal 
outcrops in Hazara are always contiguous to outcrops of Infra-Trias limestone. 


1 Mem., XXVI, 239 (1896). 
a Gen. Rep. JBec., LXV, 127 (1931). 

a Gen. Rep. Rec., LXIII, 132 (1930); a recent suggestion is that the Upper Tanawalas 
belong to the basal Gondwana sequence (D. N. Wadia. JBcc. 72,76 (1937)). This would mean a 
partial correlation with the Blaini and probably the equivalence of the Tanawal and Blaini 
Conglomerates it would also place the Tanawal formation within the Carboniferous. 
e C. S. Middlemiss. Mem., XXVI, 65 (1896). 

» Beo„ LXVI, 121 (1932). 

• Nee., XII, 122 (1879). 
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A tniniiDiim thickness of 20,000 feet has been suggested for the Tanawals by 
Wynne, but to what extent this is exaggerated b^ repetition is not known. Tho 
dip of the foliation and shear planes is low and invariably inwards towards the 
higher mountains. 

Of the quartzites and quartz schists great thicknesses are exposed in Tanawal 
and the Oandgarh range. In spite of the djmamic metamorphism which baa 
so mainfestly affected them, in common with many othei rocks of this region, 
they have not the appearance that generally appertains to quartzites of very great 
antiquity; the separate grains of the rock are loosely aggregated together, un¬ 
cemented by secondary silica, and the rock itself is far from being a glassy quart¬ 
zite. The fresh quartzo-felspathic material and the coarseness of the grain in¬ 
dicate a granitic source, while the slight metamorphism of the rocks is attributed 
by Middlemiss to the intrusion of the basic trap dykes which are found seaming 
the Tanawals, Infra-Trias and Dogra Slates, but none of the younger rooks of 
Hazara. Many of these somewhat remarkable quartitic rocks show lenticular- 
tabular foliation to an advanced degree. Wherever a coarse grain of quartz 
occurs in the rock, it has been powdered and drawn out into an eye, and where- 
ever pebbles occur the same distortion has happned to them or they appear to 
have suffered a slipping of one part over the other. 

The Himalaya-Hazara syntaxis.—The Tanawals have been recoginsed 
by Wadia in the syntaxis at the western end of the Himalaya, and the series con¬ 
tinues interruptedly from Hazara around the syntaxis into Kashmir. In the 
western part of the syntaxis, the stage of the Tanawals next to the Gogra Slates, 
and therefore probably the base, is a conglomerate, 200 feet thick, with a slaty 
matrix. The pebbles are of white and pink quartz, crowded in some place, scat¬ 
tered in others, a few of them sub-angular or drawn out into auffen; the matrix 
is not unlike a glacial tillite. Throughout the northward extension of the Tana¬ 
wals into Kaghan and thence eastwards and southwards in discontinous belt 
into the Karnah district of Punch, the basal conglomerate has not been observed.^ 

The rest of the series in this area, according to Wadia, is composed of quart¬ 
zites, quartzose sandstones and conglomeratic phyllites. The quartzites may 
be pebbly and gritty, or slabby and partly schistose, while the phyllites are mostly 
sandy and seamed with beds of pebbles, some of them well rounded. It is possible 
that some of the conglomeratic layers are of autoclastic origin. 

It is their markedly sandy and quartzose composition which distinguishes the 
Tanawalas from the monotonous Dogra Slates. The beds tentatively mapped 
in this region as Tanawalas may inlcude some younger as well as some older hori- 
zones. Possibly some of the coarsely crystalline quartzites ate in reality silicifled 
forms of the Infra-Trais (? Carboniferous) limestones. Wadia, in fact, suggests 
that much of the 2,000 feet of the limestone of the Infra-Trias has—for instance, 
in Mansehra and the adjacent parts of the Muzaffarabad area—been siUcified 
by a process of metasomatic replacement into massive coarse-grained quartzites 
or grits; even the uppermost portion ofthe limestone is thought to have been so 
affected. If and to what extent the Tanawals and Infra-Trias overlap will be 
better understood after further investigations have been carried out.* We must 


a JRed., LZV, 204, (1031). 

> Xee., LXVm, 147-148 (1084). 
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also be prepared to find that the more massive finer-grained varieties of the quart¬ 
zites allotted to the Tanawals of the arenaceous b^s represent the Muth (^axt- 
zite, with a stratigraphical position perhaps below the basal Tanawal conglo* 
merate. 

In the Himalaya-Hazara syntaxis the Tanawal rocks are in many places ex¬ 
tensively invaded by intrusions of granite which has sometimes permeated the 
sediments in lit-par-lit fashion, producing types resembling the Finn^ migmatites. 

Southwest Kashmir. —In southwest Kashmir, a great thickness of these 
highly arenaceous schistose rocks is again exposed, comprising metamorphosed, 
prominently banded, argillaceous sandstones, arenaceous phyllites, quartz schists, 
massive quartzites, at times felspathic, and grits, with autoclastio as well as true 
clastic conglomerates. The crushing and distortion experienced by the Tanawal 
beds add to the difficulty of their correlation. The group is totally barren of 
fossils and here again, as in the syntaxis further northwest, has probably been 
made to include horizons above—and perhaps also below—the limits of the series 
as defined by Wynne and Middlemiss. 

To the north of Punch State and a few miles west, southwest and south of the 
town, of Handwara (Hundawor), an interrupted belt, consisting of three ill-defined 
basins of the Tanawal series, has been mapped by Wadia. All three basins have 
been involved in the corrugations of the Dogra Slates. The greater part of the 
boundary of these outcrops is made with either the Salkhala series or the Dogra 
Slates ; occasionally it is in contact with intrusive granite. The most southerly 
and largest of the three main tracts is partly delimited by the Panjal Trap. 

This large outcrop, which lies to the south of Handwara in the districts of 
Uri and Baramula, comprises a great thickness of moderately metamorphose 
shales, argillaceous sandstones, and quartzites, situated on the southwest side of 
the Pir Panjal and mapped at first as doubtful Lower Gondwanas. These 
beds overlie the Dogra Slates with a violent unconformity which is usually marked 
by an extremely coarse boulder conglomerate, about 250 feet in thickness, at the 
base of the younger series. Since the rocks have here been affected by two or three 
inversions or recumbent folds with a persistent dip to the N. E. or E. N. E., the 
basal conglomerate is not always found in its normal position at all points of the 
meandering strike. Along what is presumed to be their upper boundary, the 
Tanawals, which must be several thousand feet in thickness, come into apparently 
normal and conformable contact with the Agglomeratic Slate with its Qondwana 
flora of Oangamopteris^ Alethopteris, Cofdaites and other plants. In some 
places, in fact, especially on the ridge connecting Apharwat with Fathri (13,938 
feet), a peak composed of Tanawal rocks, the Tanawals seem to pass up more or 
less gradually into the Agglomeratic Slate^. In the Chor Panjal Pass also, a few 
miles further south, there is a conformable passage up into the Agglomeratic 
Slate of unfossiliferous arenaceous beds which, it is supposed, belong to the upper 
Tanawals.* If this be correct, it may be that the lower limit of the Agglomeratic 


^ Coulson. Rtc. 73, 88 (1938). They were at first thought to overlie the Agglomeiatio 
Slate (Jfem. LI, 244 (1928): LXII, 153 (1929). Reo., UVIII, 147.148 (1934). 

*ff€e.42,78 (1937). 
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Slate—a fozination known to vary widely in stiatigraphical level from place to 
place—is here at some horizon below the Talchir (Upper Carboniferous) Boulder 
Bed which is absent from this section; the alternative is that the Tanawals are 
younger than at first supposed, arboniferous (Middle or Lower plus Middle) 
instead of Devonian. The agglomerate is here a coarse rock in which are frag¬ 
ments of Tanawal rocks, presumably blown out by an explosive outburst herald¬ 
ing the outpouring of the Panjal Trap. Traversing the ill-defined boundary 
line between this Tanawal outcrop and the Dogra Slate near Buniyar is a plug 
of gabbro surrounded by doleritic masses, belonging probably to the Panjal Trap.^ 
Southeastwards, a broad tract of the Tanawals, which, as in Hazara, are remark¬ 
ably uniform in character and composition, extends approximately parallel to the 
Dogra Slate and Salkhala belts into Punch, tightly pressed against the 
Panjal Volcanics from Apharwat near Gulmarg to just south of the Pir Panjal 
Pass where its disappearance is the result of an abrupt rise of the fold axes. 
Four or five miles to the east of the Pass, however, another narrow outcrop of the 
Tanawals commences within the Panjal Trap and stretches southeastwards. 

Wadia gives the following order of superposition with the thicknesses: 

4. Massive and flaggy, current-bedded, ripple-marked quartzite, 
white or brown in colour. 

3. Buff and grey, argillaceous sandstone, showing colour-banding, 
universal current-bedding, and incipient cleavage. 

3. Black (carbonaceous), grey or green, arenaceous shales and 
phyllites. 

1. Boulder conglomerate ..0-150 feet. 

The conglomerate, though very inconstant and lenticular, is widely prevalent 
and is composed of a fine-grained slaty or phyllitic matrix in which are embedded 
moderately rounded boulders of the size of cokernuts, consisting exclusively of 
white quartz; in none of these boulders have any clear traces of ice grooving, 
facetting or polishing been found. The conglomerate passes up gradually into 
the arenaceous phyllites and slates by the decrease in the number and size of 
the pebbles and the increase in the volume of the slaty matrix. Ferruginous 
impressions on the laminae of shales and argillaceous sandstones, widely scat- 
terred at some localities but absent at others, suggest the former presence of leaves 
and stems, while a sigmoidal structure resembling a vertebrate skeleton has been 
recorded in one place this evidence is thought to indicate a terrestrial 
and fluviatile origin for the sediments in which they occur. Thinning-out and 
overlap of one stage by the next are constant features of the succession. 

Northwest of Gulmarg, the belt of Tanawals extends as far as the Jhelum go^e, 
where the strike becomes more westerly, and for a few miles beyond. A number 
of more or less parallel, severed, synclinal outliers of these rocks are 
also to be seen amid deep corrugations of the Dogra Slates. 

(For a brief sketch of the palssogeography of the Devonian, see the end or 
the following chapter.) 

^24.126 (1931). 
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CHAPTER XIX, 


DEVONIAN-CARBONIFEROUS-PERMIAN SEQUENCE, 
AND DOUBTFUL EQUIVALENTS IN BURMA. 

I.— The Plateau Umestone : Position and extent; Organic remains; Physiography ; 
superficial ore deposits ; Deposition round islands; Sub-division; Thickness. 
A. Dolomitic Type of the Plateau Limestone : (i) Northern Shan States. 

—Character, mineralisation; Padaukpin fauna; Wetwin fauna; PhUlipsaatraea assemblage; 
other fossils; Conditions of deposition; (ii) Myitkyina: (iii) Tnnnan: (iv) Kyaidcse 
dirtrict : (v) Meiktila, Yamethin and the Slouthern Shan States : Physiography; 

Paunglaung range; Hsa-Mong-Hkam band; Lawksawk; Taung-gyi Htam-sang tract; 
Wanpong'Melawn Mt; Other extensions; Comparison with the Northern Shan States; A 
younger dolomitic division. B. Cakitic type of the Platean Limestone : Limited extent; 
(i) The Northern Shan States : Mod3 of occurrence; Origin; Relations to the 
succeeding Namyau beds; The Namun fauna; Fossil localities; (ii) Myitkyina district : 
(iii) Southern Shan States : Kehsi Mansam fauna; Country between Taung-gyi and Mong 
Pawn ; The Htam Sang locality ; Other localities ; Relationships of the faunas. Karenni 
States. Yunnan. Indo-China. II.*— Moulmein Limestone: Thaton and 
Amherst districts. Salween district: Tavoy district: Mergni dis rkt: Rda- 
tionships of this Moulmein Limestone. III. Mergul Series : Stratigraphical 
position; Tavoy : Physiography: Lithology and structure; Argillaceous members; Pyro¬ 
clastic deposits; Arenaceous beds; Limestones; Mergui : Physiography; Structure ; Litho¬ 
logical character; Argillaceous types; Conglomerates; Arenaceous beds; Limestones; Pyro¬ 
clastic rocks; Schistose types, pogmatities and quartz viens. Amherst: Physiography; 
Lithological character; Contact with the granite. Thaton. Karenni* Devonian Pahieogeo- 
graphy. 


The Zebiugyi beds of the Northern Shan States have been described under 
the heading of Silurian, in view of the specimens of Monograptus they contain. 
Nevertheless, various elements of their fauna, such as Phacops (Dalmanites) swin- 
hoei Reed and Tentaculites elegans Barr.—^the latter occurring throughout the in¬ 
considerable thickness of the group—are of Devonian aspect, and there is much 
to suggest the top of the Lower or even the base of the Middle Devonian. In 
faunal character, if not in chronological and stratigraphical position, the Zebingyi 
stage has every appearance of straddling the Upper Silurian and Lower Devonian. 


1. THE PLATEAU LIMESTONE. 

Position and extent. —The greater part of the Northern Shan States of 
Burma is occupied by a vast plateau which derives its distinctive plateau-like 
character from the peculiar constitution and mode of weathering of the most 
widely prevailing rock, the Plateau Limestone. From the Yunnanese border 
in North Hsenwi, about latitude 24°N., it extends southwards, preading at the 
same time westwards; farther south it narrows and terminates more 
or less at latitude 20"^ 20', on the borders of Mong Nai and Mawk-Mai 
States.^ The western edge of the plateau, facing the Irrawaddy valley 
is usually a precipitous scarp, evidently the result of long-continued sub-aerial 
denudation. Along the line dividing the plateau from the hilly country of the 


i J. Coggin Brown. Pec., LVI, 86 (1924). ^ 
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Tawng Peng State ia a aimilar scarp separated from the more rugged country 
^yond hy a more or less broad valley, on the floor of which the rocks of the sub¬ 
jacent series are exposed, but no outliers of this limestone are to be found on the 
older rocks of Tawng Peng^. Portions of the main plateau about the western 
edge have been let down by a aeries of step faults, trending N.-S., of comparatively 
recent date. Elsewhere, in both the Northern and Southern ^lan States, the 
plateau-like topography is characteristically disturbed by block and subsidence 
faulting, mainly in a N.-S. direction, with the production of great scraps extend¬ 
ing in comparatively straight lines for many miles. The limestone wall domi¬ 
nated by Taung-gyi, the capital of the Federated Shan States, and forming the 
eastern side of the Yawnghwe valley, is probably an example of such a fault scarp.* 
Along certain lines the faulting is thrust-like, and younger beds are seen isocli- 
nally folded into the Plateau Limestone. 

To the north, the Shan plateau ia bounded by the exceedingly broken hilly 
region occupied by the Silurian, Ordovician and pre-Cambrian Chaung Magyi 
rocks which, further in this direction, give place to the gneisses and crystalline 
limestones of Mogok and adjacent areas. The Northern Shan States area is 
drained by the Nam Tu and its feeders, which often flow in narrow, profound 

f orges through the limestones. Practically the whole of the plateau is occupied 
y these^ dolomites and limestones which, in a few localities, have yielded fossils 
varying in age from Devonian to Upper Permian. The bulk of the country rook, 
however, is concealed by a thick mantle of red clay. 

On the west, opposite Mandalay, the limestones come down for a short dis¬ 
tance to the edge of the Irrawaddy alluvium, but north and south of this tract 
they are separated from the plains by a strip of crystalline rocks; this limestone 
belt here has a maximum width of eight miles.® Southwards, the limestones 
extend through Eyaukse and the Southern Shan States, Karenni and Siam, 
and are in part represented by the Moulmein Limestone of Tenasserim, which is 
exposed at Moulmein and at isolated localities further south.® Northeast of the 
Shan States, limestones similar to the Plateau Limestone have been found in 
Tunnan, and rocks of the same age occur over a wide area in other parts of China. 
Eastwards, these limestones extend across the Salween and Mekong. How much 
of them has been removed by denudation and to what extent they exceeded their 
present limits, both horizontally and vertically, it would be difElcult to sav. 

Traced eastwards into South Hsenwi, the Plateau Limestone, after an interrup¬ 
tion in the form of a band composed of Namhsim sandstones (Silurian), Hwe- 
Mawng beds (Ordovician) and Naungkangyis (Ordovician), occupies the Loi se 
hil range overlooking the Salween. The gorge of the latter river, nearly 6,000 
feet deep, is walled on the west by an enormous well-defined scarp of the limestone. 
On the other ride of the river, lying mostly upon rocks belonging apparently to the 
Chaung Magyi series, outcrops of the limestone which We beefi noted by Sondhi 
around Pang-hsang above the Nam Hka, compose the peaks of Pola She 
and Hko Di Sham east of the latter is an Mier of the Chaung Magyi rocks, beyond 

®T.H.D. La Touche. Mem., XXXIX, Pt. 2,184 (1913). 

*«lf.0oggin Brown. Bee., LEV, 415-416 (1931). 

* Gen. Rep. Bee., LXIX, 54 (1935). 

® Mte NoetUhn. Bee., XXVI, 96 (1893); M Bee. Oav. Ind. X, 33 (1856); W. TbeobaldA 
Mem., X, Pt. 2, p. 138 (1873). 
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whicli the Plateau Limestone is again seen.^ The Plateau Limestones are not 
as a rule thrown into steep folds, except among the eastern ranges—a result pro¬ 
bably of their immense tUckness. The effect of earth movement seems to have 
been limited to brecciation and to the production of violent contortion in occasional 
bands of the rock. The angle of dip seldom exceeds 30^ and the beds are often 
horisontal. 

Organic remains. —The almost universal recrystallisation of the greater 
part of the limestone as dolomite has destroyed original structures to such an 
extent that it is exceedingly rare to find any trace of organic remains, except 
in the purer and what has been regarded as the upper part of the formation. 
Occasionally traces of crinoid ossicles, coral septa or thecae, or minute forami- 
nifera can be made out. In some of the oolitic dolomites, for instance, lying 
in the groundmass outside the oolitic grains numerous specimens of minute fora- 
minifera have been observed among them a species of Eniothyra is most common, 
with a few Textularia, The organic origin of the limestone has never been ques¬ 
tioned but, with a few noteworthy exceptions, which merit the most detailed 
attention scarcely a single determinable fossil visible to the naked eye has been 
found throughout the continuous expanse of the limestone extending from May- 
myo to the Salween. 

Physiography. —The scenery of the Plateau Limestone country consists of 
a monotonous succession of wide shallow valleys separated by low swelling hills 
or ridges, their outlines smoothed off by the universal covering of clay, except 
where one of the numerous canonlike gorges occurs, or in a few places where a 
scarp, usually indicating a line of fault, presents to the view a succession 
of precipitous cliffs.* For the most part, it is a country of gentle declivities, 
covered after the rainy season with a dense matting of elephant grass, interspersed 
in places with low scrub jungle and in others with park-like savannahs of scattered 
oak trees. The soil is of poor quality and vegetation is limited. The narrow 
V-shaped gorges, however, are frequently buried in dense jungle or sometimes 
clothed with pine forest. The common bracken fern (Pteridium aqulinum) 
is typical of the Plateau Limestone and is universal over the limestone area. A 
striking feature in the scenery of the Shan plateau is the enormous number of cup¬ 
shaped depressions, varying in width from mere sink-holes of a few yards diameter 
to broad valleys several miles in length; the smaller of these excavations are 
especially common along the crests of fault scarps or near the edges of the deep 
canons in which the larger rivers flow. 

Superficial ore deposits. —The red clay, which forms so thick a blanket 
covering the limestone, sometimes contains important deposits of residual iron 
ores. The hasmatitic ores of Eung-hka, occurring in a fault in the Pangyun beds, 
are thought to have been derived from the Plateau Limestone which originally 
covered the older series*; the Manmaklang deposit near Man Pwe, consisting 
mostly of limonite, occurs on the surface of the Plateau Limestone. 

Deposition round islands. —The general trend of the ridges is N.W.-S.E. 
in the north but becomes more meridional towards the south. The majority of 


1 Qen. Rep. Ree., 73, 71 (1938). 

* T. H. D. La Touohe. Mem., XXXIX, Ft. 2,182 (1913). 
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these ridges are from 4,000 to 5,000 feet above sea-level, rising locally to peaks of 
6,000 and 7,000 feet. Masses of older rocks, like those of Loi-ling (8,842 feet) 
and the Loi-pan Loi-twang range, rise from the plateau like'mountainous islands 
from an encircling sea. As Mr. La Touche remarks, it seems probable that at the 
time the limestones were being accumulated, the Shan sea was studded with is¬ 
lands occupying the same topographical position as the present ranges, though 
not of the same dimensions and altitude—a suggestion supported by the sandy 
nature assumed by the limestone as the base of these island-like masses is 
approached, and by abundant evidence of the overlap of the lower beds of the 
limestone series by the higher. Jhe older Palcsozoic rocks, seen along the frin^s 
of the plateau, are also exposed fn the deep gorges where the covering of dolomite 
has been eroded through, or in the hill folds where it has been planed away. The 
evidence of disturbance at the end of Namhsim (SDurian) times is conflicting, 
but the Plateau Limestone overlaps all the underlying formations^. 

Sub-division. —Although deposit on extended from the close of the Silurian 
period—as shown by the graptolites of the Zebingyi beds—^to the Productus and 
Fusulina limestones of Permian age, the task of sub-division is rendered almost 
hopeless by the paucity of organic remains, the rarity of exposures, the homogen¬ 
eity of the fomation, and irregularity of the dislocations which have affected 
the rocks. It is unlikely that marine deposition throughout the period represented 
by the Plateau Limestone was continuous, extending from the Devonian to the 
upper Permian, but to what extent the Shan States shared in the various invasions 
and regressions of the sea which took place over adjoining areas in China and 
Indo-China during his long period, is not at present definitely known. 

/ 

The calcitic or so-called “upper” limestones, although of a different texture 
and composition from the microcrystalline dolomites beneath, are in the Northern 
Shan States so feebly developed and their relationship to the underlying rocks so 
extensively concealed, that it is usually impossible to determine where the one 
ends and the other begins, or even whether they are conformable to one another 
or not. In the Southern Shan States, the calcitic limestones are better developed, 
and more easily separable, but here, there is some reason for supposing 
that they are succeeded by^ further thicknesses of the dolomitic, brecciated 
variety. It would seem advisable, therefore, to avoid the terms “Lower” and 
“Upper” and substitute for the former “the dolomitic type” and for the latter 
“the calcitic type”. To summarise, therefore, we find in the Southern Shan 
States some of the dolomitic type occurring apparently above as well as below the 
calcitic variety, and it is not impossible that a similar sequence may exist in the 
Northern Shan States, though the bulk of the dolomitic type is probably older 
than the other. 

Tliicluitss.-~The total thickness of the Plateau Limestone formation is not 
easily estimated. In the gorge of the Nam Tu, about fifteen miles south of May- 
myo, not less than 2,500 feet are exposed, but there is no determinable upper 
limit. At least 2,000 feet are visible in the Qokteik gorge, but in this case the 
base is not observable. There is a more complete section on the left bank of the 
Nam Tu, to the north of Hsipaw, where the base and top of the group are well 
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defined, showing a total of 6,600 feet, but even in this case some portion may 
have been removed before the deposition of the overlying Namyau series (Jurassic), 
since banks of calcareous conglomerate filled with well-rolled pebbles of the 
limestone have been noted in several places at or near the base of the Ifamyau 
beds, proving that some denudation had taken place in the interval. The band 
exposed on the northern flanks of the Loi-leu range, where the red beds of the 
Namyaus are also in position above it, is fairly uniform in width towards the 
western end of the range and shows a thickness of 5,500 feet or more. 

A. DOLOMITIC TYPE OF THE PLATEAU LIMESTONE. 

(i) NORTHERN SHAN STATES. 

Character. —The prevailing type of rock in the formation under consideration 
is a whitish or light grey dolomitic limestone, weathering to a darker grey, often 
stained red by iron oxide both on the surface and along joint-planes. It is often 
hard enough to produce a spark when struck with a hammer; when so struck, 
it usually gives out a more or less foetid odour, thought to be due to the presence 
of decomposed organic matter. It has a finely granular appearance and, except 
near its boundary with older formations, where it occasionally passes into a sandy 
limestone or even a calcareous sandstone, the proportion of contained silica or 
argillaceous matter is extremely small. In spite of this, the rock has a deceptive 
sandy touch. Analyses of Plateau Limestones show that there is every variety 
from a pure limestone of over 99 per cent, of calcium carbonate to a practically 
true dolomite with 55 per cent, of calcium carbonate and 44 per cent, of magnesium 
carbonate; the pure varieties, however, belong to the Permian horizon and will 
be considered later on. All those limestones which form the massive non-fossi- 
liferous bulk of the formation contain an appreciable amount of carbonate of 
magnesia. Under the microscope, they are seen to consist of an aggregate of 
minute dolomite grains of irregular outline, interlocking with one another. Ex¬ 
cluding the obviously impure sandy forms, the specific gravity of these dolomitio 
rocks varies between 2*72 and 2'85. Some of the limestones are oolitic. 

The series includes occasional bands of limestone breccia re-cemented in situ, 
formed apparently while the limstone was being deposited and probably of then 
nature of “reef-talus”. Apart from these bands, however, there is a general 
brecciation of the formation as a whole, which is one of the most characteristic 
and universal features thereof. La Touche remarks that it is difficult to find 
a piece of the limestone large enough for a hand specimen which is not traversed 
in all directions by a network of secondary calcite or dolomite veins. The fact 
that such veins are often seen to be faulted across by others proves that the 
crushing movement was prolonged and interrupted. Sometimes the filling of 
the veins has been leached out, in which case the rock can usually be pulverised 
by a single blow into a heap of scree or ballast. Slickensided surfaces are not 
uncommon. The major cause of such brecciation is seen in the great earth move¬ 
ments which took place at the close of Mesozoic era, the effect of which is also 
evident in the overlying Napeng and Lio-an stages. 

Silver lead ore is found in places among the limestones of the Shan 
Plateau this mineralisation is described in the sequel. The iron ore in the 
residual clay which caps the Plateau Limestone is also dealt with in a later 
Chapter. 

Podaukpin fauna. —One of the outstanding exceptions to the almost universal 
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barrenness of the lower part of this enormous mass of limestone occurs at the 
village of Padaukpin, about eleven miles B. N. B. of Majrmyo. The fossils, which 
form a rich and varied assemblage of Middle Devonian age, have long been known 
to the Burmans and used hy them as charms. The number of individual speci¬ 
mens, some of them in perfect preservation, is eztraordinaiv*, Cyrtina hetermUa^ 
for instance, being washed out of the bed in hundreds. A close search has failed 
to find this particular bed anywhere else in the neighbourhood. The following 
forms have been identified by Dr. Gowper Beed^: 

Aotinozoa-^ 


*OyiUhophyUvm ceratitea Goldf., 

* ft ft vor. marginatum Qoldf., 

« „ bathycalyx Freoh, 

„ {PhacemjpihyUum) eaispitaaum Goldf., var. breviseptatum Freeh (Species 

found in Chiti^), 

„ hdianthaidea Goldf., var. spinuloaum Reed, 

* „ {HdiopihyUum,) cylindricum (Sohulz) (found also in Chitral), 

„ birmanicim Reed, 

„ cf. quadrigeminim Goldf., 

Blothff^yUum f sp. 

*EndM^UumacarUkicum Freeh? (possibly identical with SpangophyUum Wenjukowi 
V. PeetB., from the Oidoeola Beds of Kusnetzk), 

Diphyphyllum aymmetricnm Freoh, 

Zaphreniia aff. comiciUa Lesueur, 

AmplUxui hercynieua Room., 

*HaUia callosa (Ludw.)? (ill-preserved and not numerous), 

„ quadri^rtita Freeh, 

* „ Sohlttt.? 

*AtilacophyUum looghiense Schliit., 

*Cy8tiphyUum eristatum Freoh, 

* „ vsaiculosum €k>ldf., 

* „ eaaspitooum Sohlilt., 

*C<Uceola safidalina Lam., 

^Favosites gMfwsi d’Orb., var. major Freeh, 

*Pachypora reticulata, (de Blainv.), 

* „ pdymorpha Goldf. e.p. (a variety found in Chitral), 

* Alveolites sub^ictUaris Lam. (a variety found in Chitral), 

* „ (?) (Stein.)? ^ 

e „ ramosa Room, (found also in Chitral), 

,, subpaknata Reed, 

„ iUusa Reed, 

,, aff. expatiata (Rominger), 

^Cmites escharoides (Stein), 

„ expansa Freoh, 

Striatopora of. angulosa Gurioh, 

* „ (?) vermicularis (MoCoy), 

Hhaphidopora crinalis SckUlt., var. aculeata Nioh, & Foord, 

^Autopora serpens Goldf., 

„ e/. tenuis MCnster, 

,, . suJbcampanulata Reed, 

Cladichonus aff. scUuteri Holz., 

*Avdk.cystis comigera Sohlut., 

Hdtdlites interstinctus (Linne). 


Hydrozoa-^ 

SiromatopbreUa curiosa (Baxg,)t 
* ft eifekensis Nioh.? 

„ of. granvlata Nioh., 
Aetinoetroma clathratum Nioh., var. 

■ fb 


^ Pal. Ind., New 8er., Vol. 11, Mem. 6(1908). 
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Crinoidefr— 

Storikingocrinus fritiUue (Wirtg. ft Zeil.), 

CupresBoennua achMheimi (Stein.)? 

9 , of. eriuaus Ooldf^. 

Bacirocrinua birmanicua Reed, 

Hexaerinua afif. pyriformia Sohiiltze, 

99 aff. eUmgatw Gtoldf .9 
99 of. apinoatta Goldf .9 
Lecythoerinua sp. 

Chntopoda— 

Spirorbia emphalodea (Goldf .)9 
Ortania of. deyonioa (Paoht.) 

Bryozoa— 

FiaMipora qucarenda Reed, 

99 tempeativa Reed, 

,9 cunciata Reed, 

,9 memor Reed, 

„ of. (Hall), 

,9 aff./avMa Goldf., 

, 9 ^ (FiaMiporeUa ?) deierrtna Reed, 

EridopSra muUideMrata Beed, 

Selenopora ccdeba Reed, 

Buakopora aemilunata Reed, * 

HedereUa of. meigna Hall, 

Feneatella arthritica PhilL, 

,, aff. polyporata Phill., 

Feneatrapora iaolata Reed, 

Bemitrypa ociUata Phill., 

„ inversa Reed, 

Unitrypa sp., 

Polypora populaia Whidb., 

,, birmanica Reed, 

„ birmanica Reed, 

,, uUimata Beed, 

Ptilopora sp., 

Strebiotrypa sp. 

Braohiopoda— 

Stropheodonta interatrialis Phill., var. birmanica Reed, 

,, aubtetragona Room., var. padaukpinenaia Reed 

♦ ,, {Leptoatrophia) palma Kayeer, 

^StrophoneUa caudata, (Schnur), 

Lepicana rhomboidalia Wilok,, 

*Orihoihetea (SchdlwieneUa) umhraculum (Schloth.), 

*Kayaerdla lepida Schnur. ? 

^Ohonetea minuta (Goldf.), 

♦ ,, sarcinulata (Schloth.), 

*Orihia {Schizophoria) atriatula. (Schloth.), 

♦ ,, {RhipidomeUa) eifdienaia de Vern., 

Scenidium areol'i (Quenst.), 

*PenUimerua (Qypidvla) breviroatria Phill., 

♦ „ „ biplicatua (Schnur). 

Camarophoria lummatonienaia Day., 

„ cf. braehyptycta (Sohnur), 

♦ 9 , cf. aacendena (Stein.), 

♦ TFifoonio cuhoidM Sowerbjr var. 

Hypdhyria lungtungpeenaia Kayser ? 

„ perdagc^ (Goldf.), 

„ acknuri (de Vem.), 

„ „ 99 var. tranaveraa Reed, 

Camarotaachia, aubaignata Reed, 

*Atrypa racticularia (Linne), 

♦ „ » » var. deagnamata Sow.7 

„ aapera Sohloth., var. ainenaia S^ayser, 

Olaaaia whidhomei Day., 
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Spirifer padauhpinensia Beed, 

,t „ , y&r, dagon B,eed, 

*RetietUaria curvaius (Schloth.), 

• ■„ avicpc^ I^yser, 

*Martinia infiatus Schnur, 

„ cf, bataehati von Peetz, 

*Cyrtina heterocUta(Dofr.), 

**, ** .* var. muUipltcata Dav.» 

*Athyris concenirica (von Buch), 

*Nncho8pira lens (Schnur), 

*Ptychospira longirostris (Kays.) var., 

*Merista (Dicamara) plebeia (Sow), 

MerisUlla of. haskinsi Hall, 

„ ? subdidyma Reed, 

„ ? subaervata Reed, 

„ aff. lacfyma (Sow.). 

„ cf. upnUm Barr. 

Lamelli branohiata— 

*Conocardium rhenanum Beush. var., 

„ aff. eifelienae Beush., 

♦ Paracylcaa proavia (Ooldf.), 

* „ rugoaa (Goldf.), 

Gastropoda— 

*Platycera8 compreaaum (Roem.), 

„ orientate Reed, 

Loxonema aff. rrgiferum Phill., 

„ cf. funatum Roem., 

Pleurotomaria {Euomphahpterua) cf. auhalata de Vern., 

Murchiaonia sp., 

^Enomphalua radiatua Goldf., (now Phil.), 

,, wahlenbergi Goldf., 

^Bellerophon lineatua Goldf. 

Cephalopoda—• 

Orihoceraa aff. laterale Phill., 

*Anarceat€8 cf. lateaeptatua (Beyr.), 

Agoniatitea sp. 

Trilobita-— 

*Phacopa latifrona (Bronn) var,, 

♦ „ {Dalmanitea) cf. stellifer Burm, 

* „ „ punctatua Stein. 

Of the above forms all those marked with an asterisk, about one-third of the 
whole, are found in the Ooiceoto-stage, i.e., the lower part of the Middle Devonian, 
of western Europe; all the characteristic fossils of this stage, such as Calceola 
sandalina, Cyrtina heteroclita, Orthothetes umbraculum, are socially abundant.^ 
Although separated by 90® of longitude and 35® of latitude, tlus fauna is remark¬ 
ably similar to that of the Eifel district of Germany not only in facies but in the 
calcareous nature and physical characters of the containing rock as well as the mode 
of preservation of the fossils. The Burmese assemblage, in fact, suggests physical 
and biological conditions similar to those that prevailed during the formation 
of the limestones of the Eifel district, where corals and brachiopods also pre¬ 
dominate among the Devonian forms. Dr. Cower Reed places it in the upper¬ 
most of the three zones of the Cdkeola-stage, t.e., the zone of Spirifer ypedosus 
and OriJinewaldtia latilinguie ; although neither of these zone fossils has been found, 

. 14 of the Padaukpin forms are limited to, specially chanacteristic of, or 
appear first in, this zone. Qivetian forms are not unrepresented, although the 

1 Pal. /nd., Kew 6er., Vol. U, Mem. 5.142 (1908). 
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type fossil, Stringocephalm burtini, has not been found. Of the 26 new species 
or varieties from Padaukpin, none has any marked affinities with Upper Devonian 
forms. The American element is represented mainly by allied forms and resem¬ 
blance is closest among the bryozoa, certain of the Padaukpin genera-such as Sele- 
nopora and Buskopora —not having been previously detected outside the American 
continent. The leading features in the assemblage collected from Padaukpin 
are: (i) the abundance, not only in number of genera and species but also in 
individuals, of corals, bryozoa and bracHiopods ; and (ii) the extreme scarcity 
of most other groups, including the mollusca, the species of^hich are represented 
by extremely few individual specimens. La Touche has called attention to the 
fact that all those forms which are badly represented at Padaukpin—^usually by 
casts—such as the mollusca, are those of which the original shell was composed 
partly or wholly of aragonite, and suggests that the predominating forms of life 
which produced the great bulk of the Plateau Limestone, were probably mollusca, 
and that the Padaukpin fauna, rich though it is, gives an incorrect picture of the life 
of the period in the Burmese region.^ Remains of gastropods and bivalves are 
frequently seen in section on the face of the rocks and, though entirely converted 
into crystalline calcite, their outlines alone being left, they prove that these forms 
of life must have been much more abundant than a study of the Padaukpin collec¬ 
tions would lead one to expect. It is impossible to say what horizon in the Plateau 
Limestone the Padaukpin reef occupies. 

Wetwin Fauna. —The second exception to the general barrenness of the 
Plateau Limestone occurs at the base of a precipitous scrap, about a mile W. S. W. 
of Padaukpin, at the village of Wetwin, which is built upon a band of shale some¬ 
what resembling a hard fissile “fullers’ earth**, generally of a buff colour mottled 
with pink, grey or black stains. It has been traced to within half-a-mile of the 
Calceola beds of Padaukpin, but a shallow ravine crossing the line of strike prevents 
the inter-relationship from being observed. In the field, these beds appear as if 
they underlie the Calceola beds, but the intervention of a fault is not improbable, 
since the shales are described as faulted against the scrap, towards which they 
dip gently northwards; in any case, the character of the fauna they contain points 
to a higher rather than to a lower position in the Plateau Limestone. The follow¬ 
ing is a list of specimens from these shales, determined by Cowper Reed : 

Bryozoa— 

Fenestella polyporata Pbill. var. u etwinensis Reed, 

Polypora sp. 

Brachiopoda— 

Lingula cf . ligea Hall, 

„ ct, punctata Hall, 

Chonetea aubcancellata Reed, 

„ cf. aarcinnlata Sohloth., 

CamarotcBchia ap. (a) and (6), 

Athyria cf. apiriftroidea (Eaton). * 

Lamellibranchiata— 

Janeia birmanica Reed, 


1 Mem., XXXIX, Pt. 2, 238 (1913). 
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Phthonia loczyi Beed, 

„ (?) of. lirata Hall, 

ProihyrU of. lanceolata Hall ?, 

Ontaria ? sp. 

NuctUa weimnensia Beed, 

9 , ajOf. niotiea HaQ, 

9 , of. bdlistriata Hall, 

Pakeondlo of. plana HaU, 

„ oi.ehngata Hall, 

99 of. aulcatina Conr, 

Paraeydaa of. proavia (Goldf.), 

,, of. rugoaa (Goldf.). 

Gastropoda— 

Bellerophon ahanenaia Beed., 

,, {PhragtnoBUma) admirandua Beed. 

Trilobita— 

PhaHUmidea aff. eyclurva Hall, 

Malaoostraoa— 

Echinoearia aaicAica Beed. 

’ Piscea*— 

lohthyodonilite. 

This fauna of the Wetwin Shales is quite distinct in composition and specific 
characters from that of the Padaukpin limestone, but it is undoubtedly of Devonian 
age, and there are neither Silurian nor Carboniferous elements in it. The most 
abundant group of organisms is that of the MoUusca, while the Cephalopoda 
are entirely unrepresented. Especially characteristic and abundant 
are: Janeia birmanica 9 Palaeoneil cf. plana, BelleroplMn shanensis and 
Chanetes subcancellata. The general facies of the Wetwin fauna is unlike 
that of any known in Europe. On the other hand, the occurrence of many species 
allied to or identical with those of the Hamilton group in North America is of 
interest, and there are several forms allied to or perhaps identical with members of 
the Naples fauna of western New York, of Upper Devonian age {Mantioooeras 
intumesoena stage).^ The Wetwin Shales, therefore, are referred provisionally 
either to the lower part of the Upper Devonian (Erasnian) or to the upper part of the 
Middle Devonian (Givetian), and the suggestion is made that they probably 
overlie the Padaukpin limestone. Echifiocaria is characteristic of bracl^h if not of 
fresh water, as are probably also the fish remains, and the presence of these fossils 
seems to indicate the proximity of estuarine conditions. 

Philipsgstraea assemblage.— Three miles S. S. E. of Padaukpin village, 
in a small stream-course descending steeply to the Eelaung Chaung, a limestone 
lithologically similar to that at the village was discovered by Cowper Heed to be 
fossiliferous. The assemblage of fossils is, however, quite different from the 


1 Pal. /nd .9 New Ser., Vol. H, Mem. 5,182 (1908). 
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Ctdceola fauna of the village outcrop, and represents the lover part of the Upper 

Devonian.* The following is a list of species found: 

Aotinozoar-^ 

Phillpsastfma orierUalis (Stanley Smith)» 

„ padauhpinenaia Reed, 

Endojfii/yllum cf. priscum (Mfinst.), 

Cyathophylltm ceratitea Goldf.,? (non. Edw. & H.), 

Striatopora cf. angvhaa Gilrioh, 

,, of. tchichatachewi von Peetz., 

„ cf. suessi Penecke, 

Alveolites auborbicularis Lam., 

Alveolites Buborbicularis Lam., 

„ ramosa Roem., 

A ulopora serpens Goldf. f 
Favosites viciiM Reed. 

Braohiopoda^ 

Orthis (Schizophoria) striatula Sohloth., 

„ „ ivanovi Tschern., 

„ „ cf. hainensis Maur., 

„ (Dalmanella) tioga Hall, 

Stropheodonta (Douvillina) imitatrix Reed, 

Orthothetes (Schellwienella) umhraevlum (Sohloth.), 

Atrypa reticularis (Linn6), var. subauriculata Reed, 

,, douvillei Mansuy, var., 

Ohaetopoda—« 

Spirobis omphalodea (Goldf). 

The chief characters of this fauna are the presence of large inasses of the coral 
PhilKpsastrcBa, and the abundance of the three brachiopods: Stropheodonta 
{Douvillina) imitatrix (a new species), Orthothetes {ScheUwieneUa) umbraculum, 
and a new variety (subauriculata) of Atrypa reticularis. 

Other fossils. —A few poorly preserved corals have been found near the 
western edge of the plateau, south of Nyaungbaw, but though recognisable as 
Cyathophyllum or Zaphrentis, they cannot be identified with any of those from 
Fadaukpin.* 

Conditions of deposition. —The scantiness of insoluble residue in these 
limestones and their dolomitisation support the probability that they were formed 
under coral-reef conditions. La Touche remarks that ‘'the practically complete 
dolomitisation of the great mass of the Plateau Limestone is an indication that 
deposition took place in a slowly subsiding area, whereby sufficient time was 
allowed for the mineralising agents present in the sea-water to have complete 
effect”. Shaly bands are probably more frequent among the limestones of the 
plateau than would appear at first sight, since their outcrops are liable to be 
washed out and filled in with the universal red clay that covers the ground. Some 
of the shales are carbonaceous, but the strings and pockets of coaly matter, which 
lare not unusual in the Plateau Limestone outcrops, are thought by Coggin Brown 


iBee.,LXn, 229-231(1929). 

* The large gastropod found at the foot of the great Kyaukkyan scarp has been identified 
by Cowper Reed as an Upper Ordovician Madurites, and is not a Phdaukpin form. [Ree,, 
XV, 438-440 (1931).] 
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to be infolded later Mesozoic deposits.^ The coaly matter of Wetwin may be an 
example of this, in spite of the high dip of the associated strata. At Nam-ta 
the Plateau Limestones are interbedded with reddish brown sandstones—an 
unusual feature.* 


(II) MYITKYINA. 

On the Yunnanese frontier in the northeastern corner of the Myitkyina district, 
from the neighbourhood of the Fen-shui-ling Pass northwards to the vicinity of 
Chueh-ho, greyish white brecciated limestones, corresponding to the dolomitio 
type of Plateau Limestone and building hills of 8,000 feet, are recorded by Murray 
Stuart.* They are associated with red, earthy, crinoidal litnestones, and overlie 
^ series of dark, unfossiliferous shales (‘Tyehpat Shales’*).* 

Purther west, in the Kamaing sub-division of the same district, small outcrops 
of limestone are common. In places the rock approaches marble, in others it is 
brecciated and perhaps referable to the dolomitio type of the Plateau Limestone.® 

(lU) YUNNAN. 

In western Yunnan, the Plateau Limestone in its dolomitio facies is well developed and 
reaches very great but unknown thicknesses. It is seen, for instance, in both the Salween and 
Mekong valleys in the latitude of Myitkyina town, and in one or two isolated outcrops in the 
vicinity of these valleys.* It forms alternating bands with the calcitic variety, and is better 
exposed that it is in the Northern Shan States. As in the Northern Shan States, it is difficult 
to define the boundary line between the two types; between the Yang-tze and the Salween both 
have been much infolded and in many cases altered.^ The dolomitio limestones give rise to 
rugged scree-covered hill-tops or to vertical-sided cafions, in contrast to the wider valleys and 
gentler slopes of the calcitic types. The former have yielded^ very few fossils and their most 
striking feature is, as in Burma, universal brecciation and re-cementation; their homogeneity 
prevents any attempt at sub-division. The prevailing type of rock is a light-coloured dolomite, 
of a finely granular appearance. On the Salween and Mekong, these beds appear to overlie the 
Kaoliang series, which is more or less eq^valent to the Chaung Magyi, and contain crinoid 
stems; the weather to a clayey soil which, however, is not red like the terra rossa of the 
Northern Shan States. 

In northern Yunnan, on the north bank of the Yang-tse Kiang, four marching stages to 
the northeast of Ta-li Fu, the following Devonian fauna has been collected by Dr. Coggin 
Prown and determined by Dr. Cowper Reed :® 

/^ctinozoa— 

Favoaitea congnata Reed, 

Pachypora aff. polytnorpha Goldf., 

„ retardata Reed, 

OampophyUum yunnafienae Reed. 

Orinoidea— 

Crinoidal remains. 

I Rec., LXXI, 170—216 (1936). " 

« J. Coggin Brown. JJcc., XLVIII, 154 (1917). 

»i?«(5.,LIV, 407 (1922). 

« Qen. Rep. Rec., LXVI, 89 (1932). 
sR6e.,IiXII, 108 (1929). 

« J. Coggin Brown. Rec., XLVII, 226 (1916). 
t J. Coggin Brown. Mem., XLVU, 54 (1920). 

* Pal, Ind., New Ser., Vol. X, Mem. 1. p. 7 (1927), 
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Braohiopoda— 

Orhia {DalmaneUa) of. histriata Tsohern., 
n aff. gerviUei Defr., 

ChoneUa orienialie Loczy, var. admixla Beed., 

sarciniUata Sohloth., var. yttngpeenais Reed, 

Spirifer aff. cahedanua de Vem., 

„ aff. apectoaua Reed, 

Atrypa reticvlaris (Linnd) var. 

LamellibranohiataF— 

Conocardium sp. 

Cephalopoda— 

Orthoceras f sp., 

Actiimeraa sp., 

Sphyradoceraa sp. 

Trilobita— 

‘ Proetua medioapinoaua Reed. 

The most abundant fossils are Campophyllum yunnanenact the two species of Chonetea, and 
Favoaitea cognata. The beds are overlain by the Mesozoic Beds series with a conglomerate 
at the base.^ West of Hui-li Chou, a brecciated limestone of Palaeozoic age is recorded by 
Ooggin Brown, yielding a characteristic red soil. With these brecciated and re-cemented 
limestones of western Yunnan Professor J. W. Gregory associated, in his^'Minchia series” 
of supposed Upper Devonian age, various black shales, purple, red and green sandstones and 
grits—some of them indurated to quartzites—.and similar brightly coloured shales which are 
occasionally phyllitio.> 

In eastern Yunnan and other parts of China, the Lower Devonian is represented by con¬ 
tinental deposits carrying a few plant remains. A continental facies also characterises the Lower 
Devonian of Indo-Ohina which contains fish remains and the plant Arthroatigma gracile Daws. 
The Eifelian and Givetian of the Middle Devonian as well as the Frasnian and Famennian of the 
Upper Devonian are all present in eastern Yunnan, and are all very fossiliferous, the faunas 
showing little variation from one point to another over considerable distances. Pure limest ones 
are exceptional and the rocks are said to be of sandy, marly or shaly-calcareous types.* The 
forms from the Yunnanese Eifelian, like those of the Padaukpin fauna of the Northern Shan 
States, show close affinity with species of the same age in the Rhenish provinces. Of the corals 
found in the Padaukpin fauna, all the species occur in the Chinese Devonian or are represented 
by related forms; of the specifically identified brachiopods from Padaukpin no less than 25 per 
cent, occur in China, while an additional 34 per cent, are represented by varieties or by closely 
related species, according to Dr. A. W. Grabau.* Much the same early Middle Devonian fauna 
has been recognised in parts of Sze-chuan and southern Kansu. 

(iv) KYAUKSE DISTRICT. 

The western edge of the Shan plateau, as it extends southwards, passes through 
the eastern parts of the Mandalay and Eyaukse districts, a deeply-dissected 
portion of its fringe in the latter area being known as the Ye-Yaman Tract. The 
western portion of this tract is occupied by compact, dolomitic varieties of the 
Plateau Limestone ; eastwards it gives place to a series of shales, phyllites and 
sandstones—the Sindetaung Shales—which are thought to underlie the Plateau 
Limestone with considerable unconformity and may belong perhaps to the Chaung 
Magyi series. 

sEec.,Liy, 325 (1922). ’ 

* Phil. Trana. 6er. B. Vol. 213, p. 220 (1925). 

* J. Coggin Brown. Mem., XLVII, 55(1920). 

*‘*The stratigraphy of China”. Vol. I. p. 157(1924). 
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(?) MEIKTILA, YAMfilHlN AND THE SOUTHERN SHAN STATES. 

Physiography.— Though thrown into ridges and minor mountain chains, 
the limestone plateau of the Southern Shan States has a general elevation which 
gives it the same cool climate which the Northern Shan States enjoy for several 
months in the year. Middlemiss describes the plateau as follows: ^*In its essentials, 
and not considering the younger minor zones that are inlaid with it, it is a rugged 
rocky country. The dark grey limestone frequently weathers almost black into 
sharp-edged honeycombed masses, into pinaoled crags and weather-beaten towers 
and walls, into deep basins and swallow-holes (often as regular and circular in out¬ 
line as a gigantic amphitheatre, but sometimes funnel-shaped); into strange valley 
systems without connection one with the other, and that often end mysteriously 
either as underground passages down which streams precipitate themselves and 
become lost, or as marshes and lakes where evaporation, helped out no doubt 
by subterranean percolation, causes a disappearance of the waters into innumer¬ 
able caves and passages beneath the ground, some now high and dry from the 
waters that caused them and which are locally mined for the nitrates that have 
accumulated upon the floors from the decomposition of cave animal deposits 
some of .these underground chambers, rich in the beauty of stalactitic growths, 
are used as temples.^ Except in upland valleys and deep gorges, the sponge-like 
absorption of the rainfall carries off nearly all the surface water, a great deal of 
which is probably led away by underground river systems. In this respect, with 
its steeply-graded slopes black with the ashes and charred remains of the ever- 
prevalent forest fires, with its stems of stunted forest trees, the country of the 
Plateau Limestone forms a striking contrast to the gneissic and metamorphic 
zone which is well supplied with water. 

Paanglaittig range. —From the plains of Meiktila and Yamethin rises sharply 
the western edge of the wide hilly zone of gneissic and metamorphic rocks. This is 
succeeded by a belt of Mesozoic beds from which protrudes a narrow inlying band of 
grey, unfossiliferous Plateau Limestone, dipping at a steep angle and forming the 
main hill range to the east of Pyin-nyaung. This band can be seen, some six 
miles west of the hill station of Ealaw, stretching north and south for many miles, 
overlooking the Paunglaung river, as a well-developed hill range capped by the 
sharp, rugged crags and chimneys towering over 6,000 feet above sea-level, so 
familiar to passengers on the railway between Lebyin and Sihtaung.* The lime¬ 
stone of this band has no definite bedding and is slightly brecciated, the fragments 
being re-cemented by the usual calcite veins. It is underlain by a series of sand¬ 
stones and shales, unfossiliferous but possibly Silurian in age,* and upon it rest 
unconformably the Loi-an Goal Measures of the Jurassic (? Rhaetic).* 

Hsa-Mdng-Hkaiii band.— The great limestone plateau becomes definitely 
recognisable a little tothe east of Ealaw. Occurring at first as inliers folded up with 
the Loi-an Goal Measures, the Plateau Limestone outcrop extends eastward un¬ 
derneath the broad lake-like enanse of the Hsa-M5ng-Hkam (Thamakan) plain 
asfarasanothersimilarallttviarexMnse, m., that of the He-ho plain North- 
rrards it extends through the State ofPoiIa(Pwe]a) into that of Pindaya (Pangtara), 


1 Gfea. 18994900,180-131 

•Ifald.Ra!.,LXVn, 48 (1988). 

• Ibid. JBee.,LVm, 48-44 (1926). 
«Ibld.Ee6.,LXJX,69 (1985). 
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where it is interrupted by a broad inlicr of Ordovician and Silurian beds. This 
targe irre^lar tract of the Plateau Limestone has a general N.N.W.-S.S.E. trend ; 
characterised by rolling downs, it forms at the same time all the^reat mountain 
peaks of the area. The rock is sometimes massive, at other times thiu-bedded, 
and shows no great motamoryihism. Tn the neighbourhood of the Loi-an coalfield, 
it is described as a grey, mut-b cruslu'd, dolomitic limestone, containing about 
20 per cent, of magnesium oxide, with traces of erinoids and other unidoutifiable 
fossils these exposures, di]»ping usually at angles of 60® or 70 ', evidently belong 
to the dolomitic tyjx*. The liigh di]>s are apparently local, since the Plateau 
Limestones, which fringes tlic Loi-an coalfield on the east and extend umler the 
Hsa-Moug-Hkam plain to reappear in the Hsa-Mong-Hkam range further east, 
are described as folded into gentle, more or less N.S. folds.® I'he limestone for¬ 
mation is covered by the usual cap sometimes as much as 50 feet thick, of the 
^Herra rosm** which is so imiv<^rsal in the Xorthern Shan States. At Poila the 
limestwie has yielded a rath er abundant co’*al btdonging generically either to 
Syringoporn or Tcirapnra,^ Most of the limestone of the Hsa-Mong-irkam tract 
belongs to the dolomitic type, but some unusual varieties arc to be ftnuid in tlic 
neighbourhood near Lwekaw. 

Lawksawk.--Plateau Lim‘'stoiic. mostly of the dolomitic varic^ty, covers 
a consider.ibI> ar('a in Lawksawk State. From fi succession of weJI-beddod 
lim-sto les, shales, l»ighly urgijl c’Oiis lim 'sto:i< s and sandstones, about a mile east 
of the vil!:i.g(' of irtsiigtabin, Dr. M. Tl. Sahni has collected minierous fossils.* 
TJie same fauna, wluch is evidently close to that of Padauk})in, lias bfvui found 
a miJ(j or two to the soiitlieast, near Duing-tek. Fn fact, fossils can be jjic^ked up 
at se.v'.red plices along the scraj^ b twee.u these two lfK-aliti('s, rivalling in their 
perfiadioji. th(‘. spe -imens obtainable from t]i<‘ classical ground of Padaukpin, 
Among the. fossils obt-ained from T.'aiug-t(d<, M( -so or the hill-slopes between these 
two localities, Dr. Sahni lias identified tlie following^: 

Actinozoa— 

Pachypnra sp., 

FenentcUa sp. 

Bryozoa— 

Favosites sp. 

Crinoidea— 

Loplhocrinus ? sp., 

Taxocrinua ? sp. 

Brachiopoda— 

(p) Reticularia curvatus (Schloth.), 

(P) »» avicepa Kays., 

(p) Spirifer apec.ioaiis Schlotlj., var. meacoenaia Sahni. 

(p) Cyriina heterocl Ita Defr., 

(p) Atrypa reticularis (Linno.), 

1 Bee., LV, 34 (1923). 

*.B«c.,LXin, 86(19.30). 

» F. R. Cowper Reed. Rec., LXVII, 118 (1933). 

* Rec., LXXI, 26 (1936). 

j Privato communication ; aee also Rec., 173, 29 (1938). 
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(p) fAomMiaZM Wilok .9 

(p) (NeAtsopAoria) Sohloth., 

■ Strophe^nta of. subtngona Boem., 

Ehynchondla thannooenaU Bahni, 

Pentamerus sp. 

Chonetes sp., 

ProducteUa (3 speoies), 

MeriakUa palaungeneia Sahni. 

Gastropoda-^ 

Pleurotomaria Uhaawenaia Sahni., 

Platyceraa kachinenaia Sahni. 

Trilobita— 

Calymene of. malaungkaenaia Mansny (Be-onian of Tonkin). 

(p)aBPadaukpin forms. 

The genus Calymeme has so far not been found elsewhere in the Devonian of 
the Shan States. With the exception of the well-known Atrypa and Leptmna, 
which are found also in the Silurian, this fauna is characteristic of the Middle 
Devonian, although the zone fossil, Calceola sandalina^ has not yet been 
discovered. The beds are separable into two divisions, a lower in which Atrypa 
reticularis occurs profusely, and an upper in which this brachiopod is absent at 
the top of the upper division is a dark, compact limestone yielding a species of 
Favosites and other fossils difficult to extract. 

Tanng-gyi-Htamsaiig tract. —^East of the He-ho plain is the He-ho Lime¬ 
stone, which is believed to be the equivalent of the Mawsdn and which extends 
eastwards as far as the Sinhe or Yawnghwe plain. On. the other side of the latter, 
Pindaya beds and, further on, Plateau Limestone beds, begin the ascent to the hill 
station of Taung-gyi (4,675 feet). This broad tract, with a general altitude of 
4,500 feet, enveloping the Pindaya inliers of Taung-gyi and Ho-pong, includes 
both types of the Plateau Limestone formation in alternating bands, and from one 
of the Permian bands near Htamsang a copious collection of fossils has been made. 
In this tract there is an unusual number of enclosed valleys, disappearing streams 
and sink-holes southwards, a little to the east of Namhkok, the rock gives rise to 
the usual fantastic peaks and great chimneys. The predominant varieties are 
grey, brecciated dolomites, sometimes friable, oftener hard and re-cemented, with 
the characteristic sandy appearance.^ The lower slopes of Taung-gyi are built 
up of much-crushed and brecciated limestone re-cemented into a kind of angular 
4 »oncrete. The Permian bands will be described in their place (pp. 702-705). 

Wanpong-Melawn belt.— Further eastwards, near M6ng Pawn, a thin band 
of the Permian variety of the Plateau Limestone is exposed. Continuing in the 
name direction, the Plateau Limestones reappear at Wanpong, and again occupy 
^ndulatiz^ downs drained by enclosed valleys and sink-holes. Between Wanpong 
and the Salween river there are, in fact, three or four tracts of these beds, separated 
from each other by strips of Mesozoic rocks; the limestone is again seen to the 
east of the river. Around Mdng Nai are many picturesque pagodas perched on 
pinnacles of the dolomiti^ limestone; some of the local varieties of the latter are 


« Qeu. B^. Mac., LXVL 98 (1932). 
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M white as chalk and at times so shattered that roadside cuttings fall to powder 
on exposure and slip down in shoots of calcareous sand.^ 

Other extension.—^Plateau Limestone caps the high levels of the Ghaung 
Magyi rocks on both banks of the Salween river, and a narrow strip has been 
recognised in the extreme southeast of the Xeng Tung State, close to the frontier 
village of Ta Hki-lek, expanding rapidly southwards in Siamese territory to occupy 
hundreds of square miles.* 

The Plateau Limestone also extends into the small-sub-States of Myin-mu and 
Nam Hkom,® and southwards into Karenni. In Mong Hsu State (Naking), it^ is 
the predominant rock and forms the vertical-sided tops of most of the hills. With 
this exception, the geology, which is thought to be somewhat disturbed, is concealed 
by a thick layer of the red clay which so frequently accompanies the Plateau 
Limestone in the Northern Shan States and elsewhere. The limestone is here 
a pale grey to black rock, seldom showing any bedding, and usually much 
crushed and re-cemented by white bands or veins of calcite.* There are many 
■exposures of Plateau Limestone in the Keng Tung State ; one of these shows a 
small vein or pocket of stibnite. Most of the hills in Mong Kung State are formed 
of Plateau Limestone. 

Comparison with the Northern Shan States.—In the Southern Shan 
States, therefore, where the Paleozoic succession is more complete and more wide¬ 
spread than it is in the north, both types of the Plateau Limestone are present. 
The calcitic type is better displayed and has yielded more varied faunas than in the 
north ; it will be described later on. The other t 3 rpe, which is often buried under 
thick accumulations of residual deposits, differs in no way from that found in the 
Northern Shan States. It is generally a white or light grey dolomite, weathering 
to a darker colour, always exceedingly brecciated; where the secondary filling 
which cements the rock together has been leached out, the result is a shattered 
rock easily broken into fragments. The shattered character of this rock lends 
itself to an extensive use as a road dressing. 

A younger dolomitic division.—In the Northern Shan States there is 
fossil evidence, as we have seen, to show that some at least of the dolomitic type 
of limestone is older than the Permian. In the Southern Shan States, on the other 
hand, there is reason to suspect that some—^perhaps much—of the dolomitic 
variety belongs to the higher portions of that system. In the region between 
Kalaw and Taung-gyi, Goggin Brown and Sondhi found that the boundary rock of 
the Plateau Limestone formation, where in contact with bands of Silurian or 
Ordovician, belongs, not to the dolomitic, but to the calcitic typo in some places 
fossiliferous bands belonging to this t 3 ^o appear to dip under the dolomitio 
variety. We may be prepared to find, as a result of further investigation^ 
therefore, that the Plateau Limestone formation of Burma is threefold, consisting 
of a middle division of Lower or Middle Permian marls, mudstones and pure, 
tabular, non-magnesian, frequently fossiliferous limestones, separating an upper 
from a lower (Uvision, each characterised by dolomitic, brecciated, mostly 
unfossiliferous limestones. How much, if any, of the dolomitic, brecciated 

‘ J Coggin Brown and V. P. Sondhi. Bee,, IiXVII, 160-161 (1933). 

* Qen. B^. Bee., LXIX» 69 (1935). 

•/6WBee.,IiXV,89(l931). 

« Guy E. Pilgrim and W. D. West. Itee., LHI, 47 (1921). 
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variety in the Northern Shan States belongs to the upper division, it is- 
impossible to say. That much of the dolomitic variety in the Southern Shaa 
States belongs to the uppermost of the three divisions is more than probable 
in fact, the lowest division seems to be entirely missing in places where 
the Permian division rests stratigraphically upon older Palaeozoic rocks. The 
existence of an upper dolomitic division would account for the failure of La Touche 
to find any trace of the calcitic Permian limestones along the edge of the tongue 
of Plateau Limestone extending northwards along the east bank of the Nam Tu,. 
where the latter formation appears to dip conformably below tlxe rod Jurassic 
sandstones ; where the calcitic Permian beds are se(in almost iji contact with red 
sandstones—^as is the case at Kchsi Mansam—the section lies on the line of a fault 
and is greatly confused.^ The individuality of the two types of Plateau Limestone 
is itself not beyond suspicion and La Touche mentions one locality, Toubo, at the 
extreme westenx edge of the hills in the district of Mandalay, where a band of the 
calcitic limestone, containing a number of specimens of a fusulinid a]i])ears to pass 
laterally as well as vertically into crystalline limestone indistinguishable from the 
usual dolomitic type. The fusulinid has been determined by Dicner as Fusulina 
elongnta Shumard, indicating a ‘Termo'Carboniferous” (Lower Permian) age,, 
but Professor C. 0. Dunbar identifies the sections as those of a spticics of 
Polydiexodina and would prefer to correlate the horizon with the Upper Permian 
of America.^ The Tonbo area, therefore, appears to be one where the higlu^rdying 
portions of what looks like the ordinary dolomitic type of Plateau Limestone 
range well up into the Permian. That there were, generally speaking, breaks 
in deposition between the two tjrpcs of limestone, one of them corresponding to 
some horizon of the Permian period -perhaps the Middle Productus beds of 
the Salt Range—seems indicated by the absence of dolomitization throughout 
what is suggested to be the middle division. If the suggested threefold 
sub-division stands the tost of future investigation, the upper division 
will probably have to be assigned to the higher Permian whether the 
lowest division includes any of the Carboniferous, or the latter period is entirely 
represented by some not always very evident break between the lower and 
middle divisions, is a question which will be satisfactorily solved only by the 
difccovery of restrictively Carboniferous fossils. As Dr. Coggin Brown has 
pointed out, that there was continuous marine deposition from the Devonian to 
the base of the Trias in a region which has been notably unstable throughout 
geological time does not appear probable. 

Recently, the Plateau Limestone has been traced through North Hsenwi as a 
narrow belt, striking N.E.-S.W. and dipping generally at a low angle. No occur¬ 
rence of the calcitic variety has so far been encountered. The bulk of the 
formation is as usual unfossiliferous and uniformly dolomitised, the only organic 
remains hitherto recorded being those of a fusulinid allied to Schwagerim, which 
has been recorded by Dr. M. R. Sahni from near Kutkai in the Northern Shan 
States and from the vicinities of Mo-so-ma-ye and Kong Tawnghsu in the Southern 
Shan States (Lawksawk), and is therefore widely distributed.^ 


• 1 Mem., XXXTX.., Pt. 2,267 (1913). 

»SM.,LXyi, 408 (1932). 

« See., IXVl, 06 (1932); Ihid., LXVII, 46 (1933); Ibid., UiVUl, 58 (1934); Ibid., LXlXr 
22,54,(1935). 
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B. CALaHC TYPE OF THE PLATEAU LIMESTONE. 

Limited extent. —In the Northern and Southern Shan States, whereas the 
dolomitic type of the Plateau Limestone covers extensive tracts of country, the 
calcitic variety, formerly spoken of as the ‘‘Permo-Carboniferous”, occurs, generally 
speaking, in relatively small outcrops. 

(i) NORTHERN SHAN STATES. 

Mode of occurrence. —At various places on the Shan plateau, especially 
towards the southeast of the Northern Shan States, are to be found patches of 
limestone of a character different from that of the great bulk of the Plateau Lime¬ 
stone these outlying masses occur as rugged, precipitious walls of rock, capping 
ridges and knolls, the main mass of which is built of the dolomitic variety.^ They 
are true non-magnesian limestone?, tough and compact, usually dark blue, grey 
or black in colour, minutely crystalline in texture, with a specific gravity of about 
2*69* they do not exhibit the superficially sandy texture so characteristic of the 
more prevalent type of Plateau Limestone, are more compact, often possess a con- 
choidal fracture, and have a much more strongly foetid odour. In many places 
these rocks arc highly fossiliferous, and thin sections under the microscope in most 
cases show the presence of shell fragments and foraminifera. As already 
noted, evidence is not wanting that the dolomitic and calcitic types of the 
Plateau Limestone sometimes pass laterally as well as vertically into one another. 
Be this as it may, in several places on the plateau the difference in appearance 
is described as easily recognizable and the boundaries of each patch of the 
calcitic type arc well defined. 

Origin. —To what extent the change in character between the two types of the 
Platonn Limestone is due to a difference in age, to some local peculiarity in the 
conditions of accumulation of the sediments resulting in a particular assemblage 
of organisms, or to a difference in the treatment to which the last beds to be 
accumulated were subjected after their deposition, it is not yet possible to say. 
La Touche remarks that the calcitic patches may have been of the nature of reefs 
supporting an abundant biiichiopod and coral fauna, while the surrounding sea 
was occupied mainly by moUusca witli their more easily decomposed shell struc¬ 
ture. In any case, the fact that these pj^rticular beds arc composed of practically 
pure calcium carbonate, wlicreas the whole of the subjacent mnss has been con¬ 
verted into a dolomitic limestone, indicates a complete change in the history of 
accumulation. La Touche has suggested that the long continued subsidence 
which must have accompanied the deposition of so enormous a thickness of rock, 
was replaced by a comparatively rapid upheaval; whatever the cause, the change 
seems to ha,ve been marked in some places by a break in deposition. 

Relations to the Succeeding Namyau Beds.— Along the edge of the 
tongue of Plateau Limestone which extends northwards along the eastern bank 
of the Nam Tu, where these beds appear to dip conformably below the red Jurassic 
Namy«au sandstones, and where, therefore, we might expect a complete sequence, 
no traoe of the calcitic limestones has been found. Since, however, there was 

s T. H. D. La Touohe. Mem., XXXIX, Ft. 2,256 (1913). 

• J. Coggin Brown and V. P. SondW. Rec., LXVII, 207 (1933). 
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oertamly some denudation of the Plateau foimation before the Namyau seriea 
was deposited, it is possible that this apparently conformable relationship is acci¬ 
dental and that the topmost limestone beds were eroded away before the Namyaua 
were laid down; if not, we must accept the suggestion already put forward that 
some of the dolomitic varieties of the limestone are considerably filter in age than 
occurrences elsewhere. 

The Namnn Fauna.— In the Northern Shan States, the presence of Permian 
(^Termo-Carboniferous**) rocks was first discovered by P. N. Datta in a FusuUna- 
bearing limestone band at the crest of a ridge a few miles west of the Tong-Aug ferry 
on the Nam Tu river, and still further to the east at Ho-un. Other exposurea 
ef limestone with Fusulina^ and in some cases with a conparatively rich brachio- 
pod and bryozoan fauna in addition, prove the former existence of starta of Per¬ 
mian age over a large area in the Northern Shan States. One of the chief fossilo 
localities of this area is Namun, from which Diener has identified 

Grinoidea^ 

Grinoid stems. 

Bxyosoa— 

Sexagonetia ra/noaa Waag. and Wentz. (M.U.), 

QeiniizeUa lBatoaUmdla\ of. columnatia Sobloth. (M.U.), 

Feneatdla of. perelegana Meek. (M.), 

„ aff. geinitzi d’Orb., 

Polypora of. omata Waag. and Pichl. M U)» 

„ of. biarmica Keyserl. (U.), 

„ of. megastoma do Kon (M X7.)» 

„ aff. hohom Stuok., 

„ afif. ufimiana Stuck., 

„ ? aff. syhea de Kon. (L. M.), 

Braohiopoda—* 

Spirifer {Neospirifef) faaciger Key erl. (equated by Diener with 8. (iV.) moosakhailensis^ 
Dav., a common fossil in the Middle and Upper Products Limestone of the Salt 
Range, considered by some to be a variety of S.fasciger Keyserl.) (7 M ? U.). 

„ aff. StHatus Mart. 

Martinia sp. 

Spiriferina {Spiriferellina) cristata Schloth. (M. Variety) (according to Gowpor Reed 
more like S. {Spiriferdlina) svhscristata Netsoh.) 

Strystorhynchua (Schuchetella) of. aemiplanua Waag. (M.U.) 

Omia (Schizopihoria) indica Waag. (L.M.) 

,, {RhipidomeUa) mkhdinii L Eveill4. 

Pfoductua of. bdivienaia d’Orb. 

„ aff. aeabrietdua Mart. 

„ ef. puaiulatua KoyBerl. « 

Sirophaloaia {Heteraloaia f). aff. pUcoaos Waag. (L.) 

ChmeUa (DienereUa) aff. a^amnlifera Waag. (M.) 

„ of.. Uevia Day. 

„ of. vatiolata d*Orb. 

Nokihyria nudaolua Kut. 

Lamellibranohiata— 

AmculopecUnaS.md>fiwb^ (M.) 


Pal /nd.. New Ser., Vol. Ill, Mem. 4, (1911), 
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The mother rock is a dark impure limestone in which the fossils occur packed so 
closely together as to make it difficult to develop complete specimens; the com¬ 
monest forms are bryozoa. Species marked “L”, “M*' or "U” are found in the 
Lower, Middle or Upper Productus Limestone, respectively, of the Salt Bange. 

Fossil Localities. —Places in the Northern Shan States in which fossils have 
been found are : the Namun locality ; Tonbo, at the edge o f the Irrawaddy valley, 
thirteen miles southeast of Mandalay ; the valley of the NamTu, south of Hsipaw 
^ong-Ang ferry and Namlan); Ho-un, five miles northeast of Lio-pan ; 
Man-kang, on the northern slope of the Loi-len range, about twelve miles east 
of Lashio ; Man-naw, in the valley of the Nam Lawng, whence a broken line of 
outcrops has been traced northwards for some twelve miles ; the natural bridge 
on the Nam Lan river, one of the southern tributaries of the Nam Tu, near Nanio ; 
across the Nam Lawng, on the crests of the ridges about Man Pung and again 
still farther east, on a ridge to the southwest of Man Hpai. In the last-men¬ 
tioned area the Fusulina band rests on the ordinary dolomitic Plateau Limestone, 
and is succeeded above by red shales belonging to the Namyau series, faulted 
against the limestone as at Kehai Mansam in the Southern Shan States'. 

In the bed of the Nam Tu at Htengnoi, south of Hsipaw, are limestones with 
poorly-preserved fragments of a Fusudina differing from F, elongata ; these beds 
have been traced for two or three miles to the north. Dipping at 20® to 30®, they 
appear to be succeeded below by thick beds of conglomerate which rest upon 
steeply-inclined beds of the massive dolomitic Plateau Limestone. It is possible 
that the conglomerates, which contain well-rolled pebbles of the Plateau Lime¬ 
stone, have been let down from a higher level by solution of the limestone beneath. 
Whatever has happened, it seems evident that the Fusttlina-he&iing limestones 
are referable to the Upper Carboniferous or the Permian. 

(ii) MYITKYINA DISTRICT. 

As already noted, small outcrops of limestone are common in the Kamaing 
subdivision of the Myitkyina district, and include brecciated examples of the 
dolomitic type of the Plateau Limestone, In other places the rock approaches 
marble. At the confluence of the Hw'ekha and Nammon Streams, the limestone 
near its contract with the peridotites and serpentines has been metasomatically 
silicified and, under the microscope, shows a very fine mosaic of silica with per¬ 
fectly developed rhombohedra of dolomite and specimens of Fus^diria elongata 
and Textularia ; it is evidently of Upper Carboniferous or Permain age®. 

(iii) SOUTHERN SHAN STATES. 

Kehsi Mansam fauna. —The Permian is better developed in the Southern 
than in the Northern Shan States. A section of these rocks, exposed in the bed 
of the Nam Hen, about a mile southwest of the town of Kehsi Mansam and eleven 
miles southeast of Mong Tung, is not so complete as that seen farther south, but 
contains a richer assemblage of fossils. The beds occur in the vicinity of a con¬ 
siderable fault, and one junction is concealed by a calcareous dam and a deep 


' T. H. D. La Touche. Men., XXXIX, Ft. 2,202 (1913). 
• Bee., LXII108 (1920). 
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pool, while ihe other is an abutment, probably faulted, against massive beds of 
the ordinary dolomitic Plateau Limestone. The dark, thin<bedded Permian 
limestont^s have apparently been let down between two parallel faults, becom¬ 
ing much folded and crushed in the process. Some of the layers are made up 
almost outirtdy of Fusulina elongata^ while others contain large numbers of brachio- 
pods. The fauna from this area, identified by Diener, is, with a few modifications 
as follows^: 

Porsminifcra— 

Fusulina elongata Shumard. 

Actinozoa— 

Lonsdaleia [WaagenopJtyllum} indica Waag. and Wentz. (M.U.) 

AmpUxus sp., 

Zaphrentis sp. 

Crinoidca— 

Grinoid stoms. 

Bryozoa— 

Polypora sp. 

Brachiopoda— 

Spirifer {Ncospiriftr) faaciger Keyscrl. (equated by Diener with aS\ {Neospirifer) moosaWtai* 
lensiit Jiavr.) of the Salt Range, Kashmir and Central Himalaya. (? M. T U.) 

,, striatna Mart. 

,, condor d’Orb. 

,, (tSpiriferdla) aff. saranm de Vern. (L.) 

Martinia diapur Dien., 

,, orhieulnriH Oemm.. 

Ui!'tu i i. i• .:i. •!it. islavx, ^[)()S8ibly tlio vjih HI of i'ifjixotf -hhiria {1\ (opin in/aolttyris 

aaiatlva Chao, a form found in the Middle Products Limestone) (?M.). 
Murtiniopaia laloiichei Dien., 

tSpirifcrina {SpirifcrdUna) criatata Schlolh. (M. variety). 

,, alY. Itimiuosa McCoy, var. atcrlilamuhensis Tschern. 

Aikyria {Clciothyridino) L’Ev. {Ailtyria roysaii ('^Sfdriycra royssii*') has been 
split by CowpiT Reed into more than one species). (L. ?., M.? U.?) 

HpirigtrcUa dvrbyii AVaag, var. ncuiijdicata AVuag., (M.U.) 

,, n, sp. iif\\ vumiania iisWnfxg. (L.) 

Jinstediu rnnolu Lit Iw. (]nobal/1y (‘rjuivahnt to//, grundkosla (Dav.), found in theMiddl® 
Producius Limestone) (?M). 

Derhyia i^irtpiorhynchus ’ ’] aJiafnvais Dien. [i?cr., LXVII, 86 (1933).] 

Orthia (Schizophorla) cf. indica Waag. (L.M.) 

,, {Ithijiklouudla) imituirix (Dien.), 

Oldhainina cf. dicipkns dc Kon. (M.) 

Froductus (Linoprodnetus) cora d’Orb. (U.—variety), 

„ „ tenuistriaius de Vem. 

,, (Avonia) wallacei Derby, var, burmana Dien., 

„ {Dictyclo8tu8y*semireticulatus**Ms.Ti.{’l), 

„ cf. infiatus McChesn., 

„ cf. holiviensis d’Orb., 


^ Pal. Ind., New Ser., Vol. Ill, Mem. 4 (1911). 
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Pfodutlw aff. porrtc^ua Kut., 

„ of. mbraactiMia Owen (perhaps P. (Tachtrnyschema) vicinalia Beed, from th 
Middle and Upper Produotus Limestone of the Salt Range), 

M ( Waagenoconcha) abichi Waag. (M.U.), 

,, ( „ ) Waag. (U.—variety). 

,, aff. mammatua Keyserl., 

Sirophaloaia {Strophaloaiina) coatata Waag. (L. probably Reed's variety aubrotunda, from 
the Lower Produotus Limestone.) 

,, of. tndtca Waag. (M.U.) 

„ cf. horreacene de Vern. (?M.) 

Dielaama { Heterelasma) biplex Waag. (M. of. Reed's variety protracta) 
NotothyriaaimplexWa.&g. (M.) 

Gaimrophoria cf. purdoni Dav., (M.U.) 

Lamellibranohiata— 

Paeudomonotia sp. 

Soaphopoda— 

Antale or Entalia{1) sp. 

Spjcies found in the Lower, Mid 11c ami Upp^r Prodiiotus Limestone of the Salt Range 
are marked **L", “M" and “U”, respectively. 

Country between Taung-gyi and Mong Pawn. —As already noted, from 
Tauug-gyi eastwards, the sequence is mainly a limestone one, belojiging mostly 
to the Plateau Limestone grouj) as far as Mile 28-3 on the Government cart road, 
where the latter ends at the crest of the ridge between the two Shan States of 
Hopong and Moug Pawn. Both tyj)es of the Plateau Limestone are represented, 
the calcitic by thin-bedded, tabub.Jr cojwretionary bryozoaji limestone with in- 
terbeddod marly aixd shaly layers^; the hitter arc iji ])laces packed with fossils, 

of 

the limestone near Taung gyi, the 8alt Range coral, LonsdaUla [Wanijcnojphyllum] 
indica Waag. and Wentz., has been obtained hut unnxjcom])auied by any other 
fossil. Between Mile, 20 and the above-m‘iitioucd ridge, the sequence consists 
apparently entirely of Perminn beds, with the ]H)ssible »'yc' ]»ti(>}i, of a band of th© 
older brccciated limestone uncorded by Middlemiss.® Tin* most imj)ortant fossil 
localities are situated near Miles 23-7, 24-1 and 28-3, tin* briichio]>od8 from the 
last ineluding sjjocii's of Pmhidm ajul Lyttonia, As in the Xorthern Shau 
States, tlicse limestonc‘s ocM ur immediat<dy iibove the massive, wliite and grey, 
often breeciaied <lolomitic liiiK'stoiios. 

Fossils collected by Middh miss from be,ds of tliis age between Hopong and 
Mdug Pawn have been iudontified by l-)i<*ner as follows^; 


Actihozoa—^ 

Amplexua sp., 
Michelinia (?) sp., 
Gyathaxonia sp. 

Criiioidca— 

Crinoid steams. 


iRec.,LXVI, 98(1932). 

1899-1900, p.l38. 

* Pal, Ind,, New Ser., Vol. Ill, Mom. 4, 70-71 (1911). 
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Bfyozoa— 

Fenestdlasg., 

Thamniseua yel Aeanihocladia Bp. 

Braohiopoda— 

JSpirifer lNeo8pirifer)faaeiger ELeys. (probably equivalent to (N.) tnooaahhaiknsis DaT.)» 
JfoHintasp., 

Spiriferina {SpirifereUina) eriatata (Sohloth) (T. M.—^variety) 

Aihyria {Oleiothyridtna) **royaiV* L’Ey. {**8pirvgera royaaii'*) (L. ? M.U.) 

Spirigerella derbyii Waag. (M.XJ.) 

Orihia (Schizophoria) of. indica Waag. (L.M.) 

Productua of. bolivienaia d’Orb., 

Chondea of. Icevia Day. 

9 , {Dienerella) grandicoata Waag. (M—variety) 

Uncinulua of. iimorenaia Beyr. (speoies equated by some with UncinuneUina theobMi 
(Waag.)) (?M.). 

Dielasma plica £ut. (L.MJJ.—variety) (olosely resembles D. {Hcierelaatna) ahum^ 
ardianum Qirty), 

i> sp. 

MargMfcra aff. hclica (Abich.) (TL.) 

„ aff. typica Waag. (?) (M.U. ? variety) 

Trilobita— 

Phillipaia aff. middhmiaaii Dien. 

Xr.=»speoies found in the Upper Produotus Limestone. 

H.~speoies found in the Middlo Produotus Limestone. 

L.»speoies found in the Lower Produotus Limestone. 

From a locality near the 24th milestone on the above road from Taung-gyi 
to Mong Pawn, Dr. Cowper Eeed obtained a fauna which has much in common 
with Middlemiss’ more promiscuous collections, as well as with the Namun fauna 
of the Northern States; it includes^: 

Braohiopoda— 

Derbyia ? sp. (the doubtful Streptorhynchua of Kehsi Mansam), 

Jfargtnt/era bivius Beed (perhaps identioal wii^b Mansuy’s Productua tuberculatua MOlb 
mut. orientcUia), 

Auloategea of. tibaticua Diener ? (probably the same as Diener’s Strophaloaia coatata from 
Kehsi Mansam). 

Bryosoa— 

Feneatellajdbienaia Waag. & Piohl. (Salt Range form—Middle Produotus Limestone), 
Polypora of. trannifihenaia Mans. (Speoies found in Laos), 

Birehhtrypa baaaleri Reed, 

Bhabdomeaon aubmurale Reed. 

Anthozoa— 

Mkhdinia of. yunmnenaia Reed. 

TheHtun Saag locality.—A mote copious colleotion was made by Dr.Coggin 
.Blown from dark, tbin-bedded, conoretionary limestones and interbedded marly 


» Etc., LZVU, 120426 (1988). 
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lajeia, all packed with bryozoa, corals and brachiopods^ at Htam Sang, a village 
which is situated at Mile 25-3 on the same road between Hopong and Mdng Pawn, 
and seems to have furnished some of Middlemiss’ specimens^; as identified by 
Dr. Cowper Beed, this assemblage resembles in many respects that of Kehsi Mansam 
and comprises^: 

Lamellibranohiata— 

IiMtea indica Waag. (L.) 

Braohiopoda— 

Derbyia grandia Waag. (M.U.). 

,, ahamnaia (Diener) (found at Kehsi Mansam). 

Bifeptorhynehuaof*pelargonatua Schloth. (perhaps identical with B, cf. semiplantia Waag 

from Namun; S . aemiplanua occurs in the Upper Productus Limestone)- 
(M.U. ?). 

„ oUcapvloidea (Waag.) {^^Orthothetea of. capuloidea**) (L. M.) 

,, (Bohuchertdla)aemiplanua (W&a,gM) (Waagen’s *^Orthothelea aemiplanua of 
the Salt Range) (M.), 

Kiangatellapeoliniformia (Davidaon) t C^Blreplor/iynchuapecfiniformia**), (M.) 

Strop Aaloaia sp. 

Froductua {Krotovia) cf. janua Huang (Species found in S. W. China; probably identical 
with the Ohitralform, P. cf.paeudoaculeaiua Krot.), 

Products(Dietyocloatua) sp. (group oLsemireticulatua). 

Marginifera cf. hvoeichowenaia Huang (Speciesfound in S. W. China), 

Chonetta sp. 

Camarophoria cf. nucula Schwellw. (has resemblance to C. globulina Phill. of the Upper 
Productus Limestone). 

8piriferina{8piriferelUna) akanenaia Reed, 

„ (Beticulariina) conquisita Roed, 

Squamularia (Neophricodothyria) aaiatica Chao **Beticularia lineata (Martin)” (M.) 

„ duplex Reed, 

Martinia diapar Dicn.? 

Hartiniopaia latouchei Dien.? 

„ ci.aubpentagonalia'Waa%. (L.) 

Noiothyria exilia Gemm., 

,, nucleolus (Kut.) (Very close to N. proelecta Reed of the Middle and Upper 
Productus Limestone; a variety of N. proelecta occurs in the Lower Pro¬ 
ductus Limestone) (? M., ? U.). 

„ peraimilia Reed (probably identical with N. cf. mediterranea Gemm. from 
the Permian of Timor), 

Athyria (Cleiothyridina) pectinifera (Sow.) (probably identical with many of the shells in 
Asia referred to A . royaaii), (M. U.) 

Spirigerella derbyii Waag., v ar. (M. U.) 

. „ proeionga Waag., var. aAane?Mia Reed (forma typica and a different variety in 
the Upper Productus Limestone) (U.). 

Lyttonia nobilia Waag. (found in the Salt Range, Timor, Indo-China, etc.) (M. U.) 


Bryoaoa— 

Feneatdla gemmata Reed, 

„ muUinoduloaa Reed (perhaps indentioal with Diener’s F. perelegans Meek from 
Namun), 


^ From this neighbourhood Middlemiss obtained: Spiriftr muaahheylenaia, Froductua cf. I'li- 
dicua, Spiriferina eriatata, and a large number of Chonetea, including G. grandicoata and 
diehotoma [Bee., LXVII, 139-140 (1933)]. 

> Bee., LXVII, 86-117 (1933). 
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Polypora koninchiana Waag. & Piohl. var. nov. poatera Beed (forma typiea, M. U.) 

„ cf.nugaatomaDeKon, (M.I7.) 

' », of. gigantea Waag. & Piohl. (M.) 

,, of. kolwoB Stack, 

„ diacreta'Reed, 

Thamniacua dubiua Sohloth.? (M.) 

Ooniocladia indica Waag. & Piohl. (M.) 

Pinnatopora sp., 

AcarUhodadia sp., 

JSireblotrypa Hrmanica Beed, 

,, baaaleriBioed, 

Phomboporaeircumcincta Hoed, 

„ virgula Beed, 

Phabdomeaon shanenae Beed, 

Dyboivshiella (FiatuUpora) aervata Beed, 

„ (FiatuUpora) afif. earbonaria TJlr., 

Hexagondla laevigata Waag. & Wentzcl. (M.) 

Oeinitzella of. craaaa (Lonsd.) (M.) 

TabuUpora sp. 

Aotinozoa— 

Sinophyllum orhntale (Stanley Smith) (at first described as Lophopkylhim orientate : differs 
ill only tri vialdetails from 8,pendulum(GT&hAu) found in the Loping (Middle 
Permian) formation of China; almost identical with a form from the 
Permian of the Donetz basin described by Jakowlcw and to ‘ ^Lophophyllum 
proltferum** (McChcsncy). 

Michelinia dieneri Beed. 

Orinoidea— 

Oyathocrinva virgalensis AVaag. (M.) 

U.=Species found in the Upper Prodnetus Limestone. 

M.=Species found in the Middle Productus Limestone, 

L.=Species found in the Lower Productus Limestone. 

Other localities. —The isolated hill of Loi Tang, rising from tho plain, is 
capped by Plateau Limestone probably b»*longing to the Pcrmiajx section, and 
may be entirely built u]) of this rock^. lAetwoeii Mile 28-3 and Mile 69 on the 
Government Cart Koad, the Permian has been recognised at one locality only, 
between Miles 36-5 and 37-2, in eharnctcristic fos'iliferous limestones and cal¬ 
careous shales forming a low cliff on the west bank of the Pawn river®. 

In the Wanpong belt, which is covered by the typical Hvnn roasa* earthy lime¬ 
stones. and calcareous shales, not unlike the purer varieties of the Permian, have 
been noted on the left bank of the Nam Teng, and similar beds—probably a con¬ 
tinuation—^have been recorde'd furtlicr south, containing the remains of braohio- 
pods, corals and foraminifera. This belt has been followed for some fortyfive 
miles to the south beyond Me-lawn (Me-lun), nearly as far as Mawk-mai. Between 
Me-lawn and Mawk-mai occur Permian varieties of the formation, in which also 
are situated the old lead pits of Mawk-mai. 


® J. Coggin Brown and V. P. Sondhi. Pee., LXVII, 137 (1933). 
» Gen. Bep. Pec,, LXVI, 99 (1932). 
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Permian shales and mudstones are exposed in the belt of Plateau Limestone 
on the right bank of the Salween river. 

Returning westwards, both t 3 r]»os of the Plateau Limestone are present in 
the Hsa-Mong-Hkam (Thamakam) range and its northward and southw'ard ex¬ 
tensions. Near Lwc-kaw, limestone conglomerates arc to be seen interbedded 
with ordinary brocciated dolomites and with a red, f#^rruginous, platy lime¬ 
stone ; the calcareous shales, slabby and dark coloured lime stones and yellowish 
brown shales, in the vicinity, arc also interbedded with the dolomites and, 
though unfossiliferous, are lithologically identical with certain types of the- 
Permian limestone. The red rocks to the east of Lwc-l<a.\v ar«' believed to be 
local modifications of Plateau Limestone and not meunbers of an older group. 
Typical brocciated dolomites occur near Kyong, but the pr(‘sencc of Fvsi.lina just 
to the cast of Pindaya (Pangtara), and of Lyitonia .‘uid clisiopliyllid corals near 
Nyaungkaya proves tliat the limestones these localities beJorg to the Permian 
section of the Plateau Limestone. When these rocks are UTifossilifcrons, they 
are not easily differentiatod from the older Mawson bods. The Permian lime¬ 
stone forms the frontnl scrap overlooking the Pindaya v;jlhy and contains some 
sacred caves, near which have b(ien found: Imnoyhyllnm sp., M eMzdilla cf. 
timorica ((Jerth) and Pohjthcculia sp*. From a locality thrf'c-and a-ladf miles 
northeast of Pindaya tli(‘. following corals have beeji indentificHl. by Dr. Stanley 
Smith*: 

Lonsdahia {Iranoyhylhm) cf. carcinophylloides Dougl., 

„ (Waagenopliylhm I?)) sp., 

,, {W(^n(zcMla) cf. limorica (Gerth), 

Poly thecal is sp., 

Michelinia Siyangeasis ]le(ul (Stanley Smith's Plexirodirtyum Siyangense} 
(found also in China and Persia), 

Hayasakaia sp. (the ^'Tclrapora*' of Yabc and Hayasaka). 

From tvro miles northeast of Poila comes the Persian sjiecies Iranophyllum 
carcinophyllodes Dougl. from the vicinity of Alecliaung, north of Kunlon, has 
been collected Iranophyllmn spongifoUvm Stanley Smith, associated with cri- 
noidal fragments and some bryozoa including Fishdrpora cf. sinensis Yoh. 

A Permian fauna in an excellent state of preservation has recently been dis¬ 
covered by Dr. M. R. Sahni at Loi Pan, in the eastern margin of Lawksawk State 
species of Prodvetus (csj)ecially common), Ckonetes, Ortkoceras, Plexirotomeria 
and Platyceras are recorded, as well as several species of aiithozoan corals and a. 

goniatite*. 


RELATIONSHIPS OF THE FAUNAS. 

With regard to the faunas found in this division of the Plateau Limestone,, 
that of Kehsi Mansam is characterised by the small size of the species as com¬ 
pared with other regions even Productus cora, the commonest form, never 


iR«c.,LXIII, 89(1930). 

•PaI./nd.,NewSer.,Vol.XXX,Meiii, .2, p.2 (1941). 
>R«6.,LXXI,27(]936). 
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attains tbe dimensions it does in the Salt Bange, in Bussia or in South America^. 
The facies of the Namun fauna, from the published lists of fossils, would appear 
to be very different from that of Eehsi Mansam, but this difference is exaggerated 
by the greater difEiculty of extracting identifiable specimens of bryozoa at Eehsi 
Mansam, the result being that bryozoa, which are the most characteristic and 
abundant types in the Namun collections, appear to be very scanty in those of 
Eehsi Mansam*. 

The Permian faunas of the Shan States as a whole show close affinities with 
those of the Salt Bange Productus Limestone, and more especially with the Middle 
Bnd Upper groups thereof, while Oldhamina is a peculiar type confined to the 
Indian and Chinese regions*. At the same time, many of the resemblances shown 
by sometlung like one half of the Burmese fauna to that of the Salt Bange, do not 
amount to actual identity of species. Nearly all the species of Productus specifically 
determinable are identical with either Salt Bange or European forms this being 
so, the scarcity of large species of the semireticulatus group is noticeable. With 
regard to the Htam Sang fauna, although it includes the typical Permian brachio- 
pod, Lyttonia nobilisy as well as other Productus Limestone species ; in fact, its 
<$omposition is less like that of the t}^ical Productus Limestones of the Salt Bange 
than are the faunas from some of the other Burmese localities. Dr. Cowpei 
Beed finds that the common and typical species of Productus occurring in the 
Salt Bange are absent from the Htam Sang collections. 

Opinion regarding the age of these younger Plateau Limestone faunas is not 
in every case definite, but although some of the species from the Southern Shan 
States show affinities with Upper Carboniferous forms, there is little doubt that 
the faunas in these younger Plateau Limestones all belong to the Permian^ 

The Namun, Hopong-Mong Pawn and Taung-gyi faunas belong in all 
probability to the Middle Permian, corresponding, as Middlemiss originally 
suggested, to the Middle Productus Limestone; those of Eehsi Mansam and 
Htam Sang may show some indications of belonging to slightly older horizons. 

The Permian of Burma shows also a close relationship to the Permian of the 
central Himalaya, and a striking connection with the Permian fauzxas of the Ural 
mountains. The presence of several common species shows that the connection 
with America, which is indicated by the faunas of preceding periods, was main¬ 
tained in Permian times. There is also a small number of species agreeing with 
those described from Timor and Botti in the Malay Archipelago. 

KARENNl STATE. 

The Plateau Limestone in Earenni succeeds eastwards the so-called Mawchi 
beds which may be the equivalents of the Mergui series. There is a markedly 
unconformable overlap between the two formations, and west of the main boundary 
line between them, scattered outliers of the Plateau Limestone are to be seen for 
a distance of twelve miles, at various elevations, lying upon the Mawchi beds ** 

^ 0. Diener. Pol. Ind., New Ser., Vol. Ill, Mem. 4,69 (1011). 

• T. H. D. La. Touohe. Mem., XXXIX, Pt. 2,282 (1918). 

8 Apparentlyidentioal with the ** Oldhamia ** of some authors. 

s F. B. Cowper Beed.Pee., LXVH, 128 (1933). 

• G. y. Hohson. Trans. Min. Choi. Inst. Ind., Vol. XXXVl, 40-41 (1940) • 
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Both types of the Plateau Limestoue are present in the Earenni States. In a 
small range immediately south of Loi-kaw, and also near Saulon, occur limestones, 
some of them shaly, with crinoids, corals and brachiopods, ill-preserved but 
generally resembling those found near Pindaya. 

Some fossils collected by Mr. G. V. Hobson from three localities twenty-eight 
miles west of Loi-kaw prove that the Southern Shan States Permian extends into 
Earenni. Dr. Cowper Eeed reports that they consist of ill-preserved casts and 
impressions sufficiently determinable to show that the beds are the equivalents 
of the Middle or possibly the Upppor Products Limestone of the Salt Range (i.e, 
of the Middle or Upper Permian); among them the following have been pro¬ 
visionally identified^; 

FeneateUasp. 

Oamarophoria purdoni DaV., 

Marginifera himalayeims (Bien.), 

Huatedia remota Eichw., 

Prodmtuajakowlewi (Tschern.), 

Martinia cf. diapar Bien. or triquetra Gem.» 

„ (Ella) of. aimenaia Tsohem., yar. aubatricta Tsohem.T 
Spiriferina sp. 

8pirifer{Spiriferella) of.aalteri, 

Spirifer lyra ? 

A Spirijer found loose three miles south of Mawchi probably belongs to an 
oarlier horizon (Upper Carboniferous) and is not unlike S. scheUwieni Tschern, 
from the Schwagerina Limestone of the Urals*. 

YUNNAN 

Tlio Lowar Girboniferous (Oinantian), the Middle CarboniferoUB (Moscovian) and the 
Upper 0 irboaiferous (Urallan) are present in Yunnan, Tonkin, Laos and Annam. In Tonkin- 
Annani an 1 Laos, the Lo\^3r Carboniferous possesses a fauna remarkably like that of the Vis4an 
in Europe®. The same may be said of the whole oT the Lower Carboniferous in southern China*. 
The fallowing formi from Ta-shih-wo, about forty miles east of Teng-yueh, have been identi¬ 
fied by C)Wp 3 r R^od who in his classifioation makes no attempt to separte the Mosoovian from 
the Upper Carbenlferous, and assigns the fauna to the Lower Carboniferous, used in a broad 
sense.* 

Poraminifera— 

Nodoaariasp. 

Spongida— 

Reniera sp. 

Aotinozoa— 

Syringopora iniermixta Reed, 
dampophyUum cf. caninoidea Sibly, 

Oaninia aff. nikiiini Stuck, 

,, aff. lonaddUi Keys, 


* Private oommunioation. 

* Br. Cowper Reed; private communication. 

* H. Mansuy. BvdL Sere., gaol, Indo-Chine. VI. Ease. VI, 72-86 (1919). 

* Yabe and Hayasaka. **Pal 83 ontology of S. China**, Tokyo Qeogr. Soo.Chapt. 6, 194-204 

(1920). 

* Pal. Ind., N. S., Vol. X, Mem. 1,24 (1927). 
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CyathophyllumfraUrnum Beed, 

,, aororium Boed, 

,, {Fiacherina ?) inaolitnm Beed, 

„ „ aolUarium Bced, 

Gliaiophyllam (Rhodophyllum ?) eluaum Beed, 

Konincirjphyllum (Hiatiophyllum ?) occultvm Beed. 

Crinoidea— 

Poteriocrinua sp. 

Bryozoa— 

Feneatella afF. laxa Phill., 

Bhombopora cf. bigemmia Keys., 

Olaaconome[Pinnalopo7'a] afF. bipinnata Phill. 

Braohiopoda— 

Orlhia (BUipidomdla) 7iiichdinii L'ev., 

,, (Schizophoria) cf. resupinata Mart., 

Orthothatca(Schdlii'lfwdla) crtniairia (Phill.), 

Laptmna analoga Phill., 

Productus yunmmmsia Leczy, 

„ ( Htrialifcm) hnni-sphnicvs 8o\v. vn r ., 

„ cf. Cora D’Orb. var. kok dacharcnaia Orober, 

„ Sow., 

„ loJigiapinvaHow,, 

,, ‘tnuriralna Pliill., var. pattch^nnma Reed, 

„ ( Buxlonia) scahrienlua Mart., var. imp^rsonaUi Reed, 

,, ( Dicff/orloatua)''acrnireticulatus '* Mart., 

Ohomtea papilionacm Phill., 

„ cf.crtt-wi.v/rm McCoy. 

Spirifer biaulcatua Sow., var. trigonalia Mart., 

,, ,, , var. kUini Fischer, 

,, duplicicosta Phi 11. var., 

,, tomacenaia do Kon. var., 

„ aff. calcaratua McCoy, 

Spiriferina (Spiriferellina) criatata Schloth. 7. 

Gastropoda— 

Loxonema sp. 

Trilobita— 

PMllipaia apinifera Beed. 

Dr. Cowper Rood remarks that most of the Carboniferous fossils from the caves of Wo- 
shih-wo near Yung-Chang Fu (“Young-tschang-fu”), described by Loezy were, probably,, 
oolleoted from the same bod as that which yielded the above faunai. Loezy, however, admit¬ 
ting that the brachiopods indicated a Lower Carboniferous age, regarded the foraminifera aa 
partly Lower Carboniferous and partly Middle or Upper Carboniferous, and ultimately referred 
the beds to the Permo-Carboniferous” (Artinskian). A few specimens of the above fauna 
were obtained in the vicinity at Sow-wa-shu*. On the route from Talu to Wei-sha the follow¬ 
ing forms were found, the majority of the specimens being ostracods*. 

i **Be8ohr. Geol. Baob. u. d. Result, d. Boise d. Grafen Bela Szeohenyi in Ostasien 1877- 
80*M23-130,202,203. 

* F. B. Cowper Reed. PaL Ind., New Ser./ Vol. X BMem. 1 ,61 (1027)'. 
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Aotinozoa— 

Syringopora taluenaia Reed. 

Braohiopoda— 

Martiniaglaber (Mart.)» ra.r,yunnanensie Reed. 

Ortutaoea— 

Leperditia viator Reed. 

„ aubquadrata Reed* 

*, auhcBqttalia Reed* 

Bairdia of. mi&erona^a Reuee., 

,* of. (Munst.). 

Piscca— 

Helodus €p. 

Cowper Reedrefere also to the Lower Carboniferous bed at Ho-shuj-targ to the east of 
Vunnan Fu, from which have been collected:' 

Foramiaifera— 

Textulariasp.f 
Bigenerina of. elegana M511., 

Troehammina ap. 

Aotinozoa— 

Chtetetes raduma Fischer.* 

Arachnolaama aff. ainenae Y. & H. 

Koninckophyllum (Hiaiiophyllum ?) ap. 

Gastropoda— 

Bellerophon and Euotnphalua. 

A few exposures of the Dinantian occur in the Yang-tze valley, north of Yunan Fo. 

The Uralian at Tzu-meri-lu, around Ynnan Fu has yielded the two foraminifera :* 

Neoachufogerina craticiUifera (Schwagor), 

Fuaulina of. montipara Ehronb. 

The presence of Neoschwagerina and Fuaulina in the following assemblage from near 
Puorh-Fu, in southwest Yunnan, which appears to consist only of foraminifera and sponge 
spicules suggests a Uralian fauna 

Foraminifera— 

Endoihyra sp., 

VadvuliTta sp., 

Big&Mrina sp., 

Fuaulina sp., 

Glimacammina sp. ? 

Troehammina sp. ? 

Ntoaehutagarina sp. 

Spougida— 

Geoditea ap. 

The Mosoovian or Middle Carboniferous attains an exceptional development of at least 
1,200 metres in eastern Yunnan. Great thioknosses of limestone, distinguished by its variety 
of foraminiferalremains, were also laid down in Uralian, Artinskian and Middle Permian times 
during a slow subsidence. This was followed by an emergence of the land and vigorous denude, 
tion which removed the limestones more or less completely according to local circumstances.4 
From the localities of Eul-kai and Tang*chi come faunas which may include Upper Carboni> 
ferous froms, but which are in the main Lower Permian (Artinskian); they include: 


tJPoI. Ind„ N. S. Vol. X,Mem. 1, P. 76, JBcc., XLIV, 106 (1914). 

Ck}ggin Brown. Rec,^ XLIV, 109 (1914); Pah Ind„ Now 8er., Vol. X, Mem. 1,86 (1927), 
»J. Ooggin Brown, Pah Ir^,^ New 8er„ Vol. X. Mem. 1, 86(1927). 

*J. Coggin Brown. Mem,, XLVII, 56 (1920). 

9GSI/64 
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Forammifera— 

Fuiulina sp. 

SnMhifra^p, 

Spongida— 

OathOadia (!) tangchienaia Reed, 

Sdlana diutautii Maneuy. 

Reniem ep. 

Bryosoa^ 

^rcBOpora ramoaa Wagg. A Wentz. 

Aetinozoa— 

Oampophyllum vigilana Reed, 

Braohiopoda— 

Str^torhynehua aff. pelargonatua Sohloth* 

Athyria (CoMpoaita) eulhaienaia Mansuy, 

>» » iaTygchiensia Reed, . • 

„ ,, of. aubtilita Hall, 

OMia (Rhipidomdla) aff. pecoat Mare., 

Spirigerella aubtriangularia Reed, 

Gastropoda— 

Suomphailua (PhymaUfer) aff. hhmerianua Man^uy, 

Phurototnaria{Wortheniopaia) eidkaienaia Reed, 

Zygoplmra parvituberculata Reed, 

Billerophon {Bamnia) aff. kattaenaia Waag. 

Soaphopoda— 

Dankdwm sp. 

From Ta-li-shao comes a “Permo-Carboniferous** (Artinskian) fauna, which Dr. Cowper 
Reed has determined as follows: 

Aetinozoa— 

Miehdinia yunnanenaia Reed, 

PleraphylluM aff.itmorense Gerth, 

Taehylaama of. cha Graban, 

IH^naphyllum (Verheekidla) aff. auair€de Beyr 

Crinoidea— 

PoUriocrinua of. maachatenaia Roman, 

Bryozoa— 

Fenaatdla aaaumpta Reed, 

„ cluaa Reed, 

Thamniaeua orienkdia Reod, 

Braohiopoda— 

Daahyia grandia Waag., 

Prodtbdtua of. hamiaphmrium Kut., 

„ of. plano-hemiaiahanuin Netsoh., 

„ aff. horridua Sow., 

„ (Linoprodnetua) simensis Taeham,, 

. „ of.eanonnf/brmtsTsohem., 

„ ( Waagenoeoneha) of. dbiehi Waag., 

Starginifera aemigratioaa Reed, 
eoneruuna Reed, 
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Marginifera of. darkei Tsohom., 

SirophtUosia proxma Reed, 

AidoBtegespopangemuKeyi,, 

Ohoneks paeudovariokUa Nik., var. yuntMtunais Reed, 

„ of. geiniiziana Waag., 

„ aff. tranaitionia Krot., 

„ (7) moUngraaffi Broili, 

Athyria (Claiothyridina) roiatyana Keys., 

Spirigerella derhyi Waag., 

Spirifer {N€oapirifer)faaciger Keys., 

„ „ aff. mooaakhaiknaia Day., 

„ (Spiriferella) rajah Salt., var., 

„ peregrinua Reed, and var., 

„ of. tibetanua Dien., 

„ of. atrangvoayai de Vern., 

Syringoihyria lydekkeri Dien., 

JiartiniopaiaiMtahaoandin Reed, 

Martinia of. aemiplana Waag., 

„ helliatriata Reed, 

Rtticularia aublineata Reed, 

,, of. waageni Loczy, 

Rhyrkhopora ameriia Reed, 

„ of. nikitini Taohern. (probably R, variahilia Stuck.), 

„ (?) aff. wywMi Waag., 

Lamellibranohiata— 

Adeialoptcitn mcCoyi Meek & Hayd., yar.. 

„ aff. katwahienaia Waag., 

„ hiemalia Salt., var alia Reed, 

StrMopteria of. deprati Manauy, 

Pakaolitna acabroaa Reed, 

Modiola yunnanenaia Reed, 

ParaUdodon of. mvltiatriataa Girty, 

„ of. aubtiliatriatua Wanner. 

Gastropoda— 

Bellerophon sp. 

Plantae— 

Nmropteria ef,jlwuoaa Stemb., 

Oakmiiea sp. 

Seven other localities have yielded small faunas of Carboniferous or Lower Permian age. 
Amonf the forms determined are the new species: Fer^eatella ainanaia Reed, F. yabei Reed 
Amphtpora auiaiica Reed, and OhasteUa thomaoni Reed. 

In western Yunnan, the fo^iliferous Permian limestones are always found in close associa¬ 
tion with the older, metamorphosed limestones, which they usually appear to overlie ancon- 
formably. With their associated contemporaneous volcanic rocks they occupy much of the 
valleys of the Salween and Mekong as well as the Tang-tze valley north of Ta-li Fu. In 
eontrast to the soree-oovered hill-tops and steep oafions of the older section of the Plateau- 
Limestone, the younger builds wider valleys and gentler slopes, through the soil of which their 
smooth isolated outcrops protrude. The commoner types of the latter are massive and oom- 
paot, exhibiting shell fragments and foraminifera in thin sections. Individual bands, however, 
aie never very thick and are usually separated from each other by oaloareous shales or rarely by 

15a 
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more arenaeeoua deposits.^ The Fusulina limeetones in the neighbourhood of Pa<erh«Fu, in 
southwest Yunnan, form a lino of fantastic peaks.* 

Volcanic activity was very prevalent during the deposition of these bods, among which 
are commonly found beds of ash and tuff intercalated with andesitic, doleritio and basaltic 
flows; in some localities, volcanic beds form the greater part of the succession. The same 
igneous rooks characterise the Permian of eastern Yunnan, but attain their maximum develop¬ 
ment in the central portion of the province, especially towards the north, in the valley of the 
Yang-tze>Kiang.* North of the river, to the northeast of Erh Hai, Coggin Brown records 
fossiliferous **Permo-Carboniferous’' limestones, and volcanic beds of great thickness, con¬ 
sisting of flows, tuffs and ash beds intercalated with bands of shale and grit; some of the ande¬ 
sites are amygdular. Coggin Brown remarks that the beds seem to be associated rather with 
the Permian period than with the Carboniferous. In much of eastern Yunnan it has been 
found possible to separate the OarboniferouH from the Permian and to divide the former into> 
upper, middle and lower divisions, though Cowper Reed has thrown some doubt upon tho 
advisabili ty of separating off a middle division from the upper. 

In the immediate neighbourhood of Yunnan Fu the following succession has been made out 

4 .Upper Permian, with Neoaehwagerina douvillei. 

3. Lower Permian, with Neosehwagerina eratietdiferat Fusulina brevieule and F. japonica. 

2. Middle and Upper Uralian; porpbyrites, etc. 

1. Lower Uralian—or passage beds from Moscovian to Uralian—with Fusulina aff. kroiowi^ 

One of the most important Permian occurrences in Yunnan is that of Ta-li-shao, in the 
southwestern part of the province, only some seventeen miles east of the Salween river and 
situated in the Mekong valley to the southeast of Erh Hai. Man^ of the species collected from 
this locality are identical with or closely allied to those occurring in the Middle and Upper Pro* 
ductus Limestone tif the Salt Range. That these beds were deposited under shallow water 
oonditions seems indicated by the presence, in a more shaly bed of the same locality, of fk'ag* 
ments of the fern, Neuropteris ctflexuosa Sternb., and a doubtful fragment of a calamitc.^ 


INDO-CHINA. 

Productus limestones are very widespread in Tonkin and the Laos, and occur also in Cam¬ 
bodia. A complete series of the rocks exists in central Laos, extending in the form of a long 
band eastwards as far as the coast of Aniiam, and westwards to the vicinity of the Nam Sane, 
a tributary of the Mekong. The limestone often build vast massifs of a karstio character 
with strange topographic forms. They are often very fossiliferous and have yielded brachio- 
pod faunas of same size which have been described by M. H. Mansuy. The brachiopods from 
the Permian of Cambodia are said to show great affinities with those of the Salt Range. Based 
on a study of the fusulinids, the Productus limestones of northern Indo-China have been sub* 
divided into twelve horizons which include the Upper Moscovian and the whole of the Uralian 
and Permian.* In some areas, the limestones are replaced laterally, either wholly or in part, 
by detrital formations, in others by two great series of eruptive rocks—^porphyrites f nd rhyo¬ 
lites. Omitting cases where they are not in their original position, the Productus limestones 
either rest on the eroded surfaces of Devonian, Dinantian or basal Moscovian formations or, 
where the succession is complete, pass progressively through fl^om the Moscovian to the Per- 
mian, terminating nearly everywhere in a surface of erosion on which sandstones of Triassio 
age lie. In one locality, however, passage beds to the shaly Trias are believed to exist, con¬ 
taining, in addition to brachiopods and an ammonite with Permian affinities, a species of Ophi^ 
esras, a genus unknown before the Lower Trias. 


ij. Coggin Brown. Rec. ,XLVII, 228 (1916). 

*J. Coggin Brown. Bee., XLIV, 95 (1914); Ibid., LIV, 319 (1922). 

®J. Coggin Brown. Rec., LIV, 74 (1922). 

*E. Saurin. (7. R. Acad. Sci., Paris, CXCVII, 174 (1933). 

*F. R. Cowper Reed, Pal. Ind., New Ser., Vol. X, Mem. I, 106 (1927). 

*See the woll.knoWn monographs of H. DouvilM, J. Dc^pnat, Mile Colani, F. Patte,. 
M. Oubler and J* Fromaget. 

'See BuU. Ssrv. Oeol. Indo-OAina, XIX, Faso. 1,17 (1931). 




713 


Chap. XIX.J dbvonian-oarbonipbrous-permian sequbncjb 
II. MOULMEIN LIMESTONE. 

THATON AND AMHERST DISTRICTS. 

As early as 1856 a fauna consisting of “ corals, gastropods, brachiopods, and 
Crustacea ’’ is recorded as having been found in a series of sandstones and over* 
lying grey shaly beds in Tenasserim, and was thought to be of Lower Carbonifer¬ 
ous age.^ Additional fossils from Zwe-ka-pin (“ Zwah-ga-byin’’), a limestone 
hill with some well-known guano caves, situated in the Thaton district near Fa-an 
some forty miles north of Moulmein, and popularly known as the“ Duke of 
York’s Nose ”, were pronounced to be of the age of the Carboniferous Limestone 
of Europe. According to Dr. T. Oldham’s classification, the limestone series was 
considered to be younger than the sandstones and shales , but both were apparent¬ 
ly included in the “ Moulmein system.” Unfortunately all these fossils became 
mislaid. From a welter of somewhat contradictory information the following 
facts emerge. 

The western parts of Thaton are occupied by a series of sandstones and shales 
in places somewhat metamorphosed, which have been traced from Martaban 
northwards for over fifty miles, their continuity being broken for a mile or two 
by the intrusion of the Kalamataung granite massif ; for cosiderable distances, 
pegmatites and quartz veins, originating in the granite, have penetrated the sedi- 
mentarics.® In sections at Martaban railway station, some of the shales are 
seen to be highly carbonaceous and contain plant remains too fragmentary for 
identification, bivalves, casts of what appear to be the brachiopod Orbicuhidea,^ 
and wings of insects belonging probably to a Palseozoic representative of the Or- 
thoptera. Two of the bivalves have been identified by Mr. .T. Weir as palosano- 
(Amalitsky),a form which occurs in the Permian marl and sand¬ 
stones of Nzhjni Novgorod, and P, subcastor (Amalitsky) which is found on all the 
horizons of the Permian marl and sandstones of eastern Russia both these 
species occur also at Graaflf Reinet in South Africa in the Lower Beaufort, a sub¬ 
division assigned to the uppermost Permian by Du Toit.® The genus, not found 
outside the Carboniferous and Permian, belongs to Dawson’s family 
” Naiadites ” which is confined to fluviatile and brackish-water formations. 
The marls containing Palaeanodonta and other brakish-water molluscs, from 
the headwaters of the Dwina river, are also assigned to the Upper Permian, and 
are associated with sandstone lenticles with skeletons of Pareiasaurus, Picynodon 
and other reptiles, as well as impressions of Callipteris, Glossoj)t€ris and Gangam- 
opteris. The Lower Beauforts have also yielded the same two genera of reptile 
and specimens of Schizon^ura and Glossopteris, There is good reason, therefore, 
for classifying the Martaban sandstones and shales as uppermost Permian, or 
possibly lowermost Trias. 

Across the estuary of the Salween and near Moulmein, limestones crop on 
which are probably the same as those forming the “ Duke of York’s Nose ” and 


iGen..Rop. Rec„ XXVI, 96 (1893); W.Theobald Mem,, X, 326 (1873). 

*Gen. R^p. Bcc., LX, 83 (1927). 

‘Requires confirmation. 

•One of these fossils, probably one of the Pahmnodonta, is said to have been oolleoted 
from the adjacent Moulmein Limestone Rec,, LTV, 54 (1922), but this is in all probabUity a 
mistake. 

•J. W. Gregory, Geol, Mag,, LX, 163 (1923); W. Amalitsky, Q. J, Q, 8., LI. 347-348 (1896) 
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Zwe-ka-pin where a subsequent search resulted in the discovery of the fossils 
already referred to, which never seem to have been fully examined but which in¬ 
cluded species of Productus.^ In this limestone occur the old sea-caves which 
have added to the renown of the picturesque town of Moulmein. There are some 
five groups of these caves, the best known and most accessible being the ‘‘Farm 
Caves”, some ten miles from the town, on the Ataran river ; these are situated 
in isolated hills rising abruptly from the alluvial plain and are full of stalactites 
and stalagmites. The Moulmein caves are filled with relics of their ancient use 
as Buddhist temples, but are visited now largely on account of the vast number 
of bats whose flight from the entrances, when viewed from a distance, resembles 
a cloud of smoke. 

The Taung-nyo range in the Amherst district is a continuation of a ridge in 
Thaton, stretching S.S.E.’ wards from Moulmein with a general strike of N. N. W.- 
S. S. E. The hills are composed of an unfossiliferous series of sandstones, quartzites 
shales and slates, with a dip towards the east of 45^ in the north, sinking to 25^ 
in the south. ‘ East of the hills is a forest-covered plain revealing nothing but 
lateritic clay and rubble with a bed-rock of laterite, and river alluvium ; further 
to the east rise the precipitous hills of crystalline Moulmein Limestone. The 
Taung-nyo beds have been referred to the Mergui series and this reference is 
probably correct. Contacts between them and the Moulmein Limsstone are 
somewhat obscure, but the latter is described by Leicester as definitely overlying 
the former, and isolated outliers of the limestone are to be seen lying on the slopes 
of the Taung-nyo range ; whether there is any considerable unconformity between 
the two formations has not yet been made clear, but in two or three cases there 
is distinct discordance in dip between the one and the other.® The contacts in 
some places appear to be faults. In one case the limestone is sheared and slicken- 
sided, and has evidently yielded to recent slipping, as proved by the fact that 
stalactites in a small cave therein are seen hanging at an angle of 35° from the 
vertical; whether, however, this movement was tectonic in origin or due to earth¬ 
quake or land-slip is not certain. In another case the limestone and the older 
series appear to have been folded up together, both being crushed and contorted. 

In the opinion of Dr. Coggin Brown the Martaban sandstones and shales will 
eventually be proved to overlie the limestones of Moulmein, and the evidence 
so far available favours this provisional conclusion. On this assumption there 
would appear to be three formations distinguishable in this part of Lower Burma : 

3. Martaban beds. 

2. Moulmein Limestone. 

1. Taung-nyo beds (? Mergui series). 

The Martaban beds being definitely Tipper Permian, if not a little later, the 
Moulmein Limestone might correspond to some other portion of the Permian, 
equivalent to some part of the Permian sequence found in northern Burma and to 
the limestones of probably similar age in Siam, and might well include Upper 
Carboniferous horizons.^ Theobald seems to have correlated the two, for he 


iQen. Rep. Rec. LIV, 64 (1922). 

>Qen. Rep. Rec., LX, 91 (1927). 

JBe6.,LXm,95(19dO). 

«Bertil HOgbom. Bull OeoL Insl.. Unw. Upeala, XII, 66-127 (1913 ); Bee., LV, 232 
(1923). 
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speaks of oyclopean masses of Moulmein Limstone in the Salween and Ataran 
valleys, and of large tracts of what he calls by the same name in Karenni, traversed 
by granite and elvan dykes^ ;La Touche favours the same deduction. The 
Taung-nyo beds, whether or not the equivalent of the Mergui series, would thus 
have to be Carboniferous or older, and, if Mr. Leicester is correct in his supposition 
that there was no great lapse of time between the deposition of the uppermost 
Taung-nyo shales and that of the limestone, the age of the Taung-nyo beds need 
not be older than Carboniferous.* 

In the broad valleys between the ranges of older rocks in Amherst, there are 
extensive developments of Moulmein Limestone, cropping out either as expanses 
of rook protruding a few feet from the soil, or as the lofty, vertical-sided, castallated 
and pinnacled hills distinctive of this formation.* The limestone is mostly, 
massive but sometimes shows bedding and interstratification with calcareous 
shales. The galena and cerussite deposits of the Pagah range in Amherst, as 
well as the lead and copper ores of the Yunzalin valley in the Salween district, 
are said to occur in rocks similar to the Moulmein Limestone. 

SALWEEN DISTRICT. 

Around the upper part of the Yunzalin valley in the neighbourhood of Papun, 
in the Salween district, there is a rugged, more thickly afforested, southern con¬ 
tinuation of the Shah plateau, on which outliers of crystalline limestone form 
bare, precipitous, and tufa-covered slopes.* These limestone are said to be inter¬ 
mittently continuous southwards, by way of the Bilin river, with the limestone 
on the Salween, north of Mouhnein, known as the Duke of York's Nose. They 
are described as blue, unfossiliferous, breccia ted limestones l 3 nng unconformably 
upon slates and quartzites belived to belong to the Chaung Magyiserics. With 
their characteristic fissures, swallow-holes and dry valleys, they form, in their typical 
development, two high plateau-like outliers which according to Dr. Clegg, lie in a 
valley of Chaung Magyi rocks, and have precipitious eastern boundaries. The 
vegetation on them is scanty compared with that on the supposed Chaung Magyis. 
A stream of some volume issues from a cave at the southern end of the more north¬ 
erly outlier. There are in addition a few smaller outlier s, to some of which (west 
of Sakan) lead ores are reported to occur. The valley of the Bilin river is flanked 
by massive limestone. 


TAVOY DISTRICT. 

The Moulmein Limestone has not been recognized with certainty in the Tavoy 
district. Doutful occurrences include some limestones occurring 1,500—2,000 feet 
above the Great Tenasserim river, limestones uncovered in Kanbauk alluvial 
tin workings, where they probably overlie the Merguis, and a limestones near 
Pagaye on the Pauktaing Chaung a few miles E. N. E. of Tavoy town.® Crysrtalline 
limestones also overlie the Mergui series in a branch of the Kamaungthwe Chaung, 
a tributary which joins the Tenasserim river opposite Myitta.® 


*W. Theobald. Afem., X, 326 (1873), 
*Ree., LXm, 94 (1930). 

•A. M. Heron, Rec., LIII, 37 (1921). 
*E. L. G. Clegg. Rec., LX, 293 (1927). 
•Afem., XLIV, 184 (1923). 
*R<e.,72,68, 60(1937). 



716 MANUAL OF GEOLOGY OF INDIA AND BURMA [VOL. II, 

MERGUI DISTRICT. 

There are many scattered outcrops of the Moulmein Limestone in the district 
of Mer^i, forming ridges and hills with precipitous sides, regged and bare of 
vegetation, and surrounded by alluvium.^ The rock is characteriz^ed by stalac¬ 
tite-bearing caves, some of them of large size, on the floors of which are thick deposits 
of bat excrement, collected and used at one time in the manufacture of saltpetre. 
The limestone islands of the Mergui archipelago are inhabited by small swifts 
whose edible nests of gelatinous saliva used to fetch their weight in silver from the 
Chinese. 

The best known occurrences of the Moulmein Limestone are some small outliners 
some five miles from the Siamese border in the latitude of Bokpyin, forming pre¬ 
cipitous hills above the Klong Thampra, a tributary of the Lenya, one of them 
being Khao Thampra or Thampra hill. There is a chain of such limestone out¬ 
crops northwards along the Ngawun Chaung and across the Tenasserim river to 
the well-known hills of Kyauktaung and Tharabwin. There is another chain of 
outcrops farther east, and anotlier group to the west occupies some of the islands 
Such as the Marble Isles cast of Domel Island, the small islets to the west of Tavoy 
Island and, in the south, the Turret Islands with their precipitous limestone 
cliffs rising sheer from the sea just off the coast in the latitude of Pulo Bada ((Sir 
William James Island) and St. Matthew’s Island opposite Victoria Point.*^ 

The isolation of the Moulmein Limestone outcrops in alluvium-filled valleys 
has made it difficult to establish their relationship to the Mergui rocks; in spits 
of the lack of junction sections, however, the general opinion is that the Merguis 
arc stratigraphically overlain by the limestone ® 

The Moulmein limestone of the Mergui district is generally crystalline and 
coarse-grained, some of the crystals attaining a width of J or even J inch. Two 
analyses show very little magnesia and, in one case as much as 13*4 per cent of 
insoluble residue. The rock is described as a tough, compact, fossiliferous limestone, 
from which it is very difficult to extract the fossils. Thirty or forty years after 
the earliest discovery, fossils were obtained by Mr. P. N. Bose from a dark, partially 
silicified limestone near Tharabwin, thought to be probably of the same-age as 
the limestone at Zwe-ka-pin in Thaton; the following are the identifications 
made :* 

FoTAminifera— 

Schwagerina oldhmii Noel. 

Aotinozoa— 

LoMdaleia {Wenizelella) aalimria Waag. k Wentz., 

JMMroiinn n. sp., 

ArtBopora of. ramoaa Waag. & Wentz. 

Bryozoa— 

Pdypora of. hiarmM Keyserl. 

S. Rama Baa. Mem., LV (1930). 

»l?«c.,LrX,73(1926). 

*J. Coggin Brown and A. M. Horson. XLTV ISO (1923). 

*JRiO.,XXVI, 97 (1893). 
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Braohiopoda— 

Prodwstua of. sumatrensis F. Roomer., 

Athyris 8p., 

Spirifer sp. 

iGastropoda— 

BeUerophon sp., 

Pleurotamaria aff. durga Waag., 

Murehiaonia sp. 

Lonsdaleia salimria is a characteristic form in the Middle Productus Limestone 
of the Salt Range. The genus Schwagerina does not occur in the Salt Range, but 
is very common in the Carboniferous Limestone of Sumatra, and is also found in 
the Uralian horizons, Nos. 5-8, of the succession in Northern Indo-China.^ Noetling 
remarks that, so far as coclusions can be drawn from such a limited assem¬ 
blage, the chief interest lies in the association of Indian (Salt Range) forms with 
forms from Sumatra ; the scanty fauna was in fact looked upon as a link between 
these two regions. There is, however, a still closer resemblance between this 
Moulmein Limestone fauna and the one found in Chitral and allotted by Dr. Cowper 
Reed with some degree of confidence to the uppermost or Schwagerina stage of the 
Uralian ; the Chitral fauna includes the genera, Schwagerina, BeUerophon, Polypora 
and the coral, Lonsdaleia (Wentzelella) salinaria. Such a comparison vrould bring 
this particular horizon of the Moulmein Limestone down to the topmost Carboni¬ 
ferous, i.e., just below the “Permo-Carboniferous” as undrstood by Russian 
stratigraphers. 

Relationships of the Moulmein Limestone.— Our knowledge of the 
Moulmein Limestone and its relationships is at present very incomplete, 
but certain facts are suggestive. What the precise relationship is between 
the Permian section of the Plateau Limestone and the basal Triassic 
horizons recently discovered in North Hsenwi, further work may shevr, but the 
fact remains that, while comparatively thinly developed in the Northern Shan 
States, the Permian type of the Plateau Limestone is definitely thicker in the 
Southern Shan States. Further south still the Calcitic Moulmein 
Limestone, is the only one recognised, and may well include Lower Permian and 
Upper Carboniferous horizons. The dolomitic Devonian section of the Plateau 
Limestone, per contra, is enormously thick in the Northern Shan States, but has 
not been recorded south of Kaenni. There is, so far, no evidence to show that 
the Devonian is represented at all in the Moulmein Limestone. Further dis¬ 
coveries are necessary before it can be concluded that the Devonian section dies 
out southward in Karenni or the Salween district—perhaps transgressing into 
Siam—while the higher section covering the Permian and perhaps some of the 
Carboniferous increases compensatively to form the Moulmein Limestone of Ten- 
asserim, but such a conclusion would seem to be at least an approximation to the 
truth. In spite of the fact that in only one locality (Mawchi) has a single 
restrictedly Carboniferous fossil—and that an uncertain determination—been so far 
found in the Plateau Limestone of north Burma, it would be hard to believe that 

^Noetling states with Schwagerina oldhami is closely related to 8, verbeeki Gein.; the latter, 
now known as FerfteeifetnarerfceeiW is a Permian form found in certain horizons of the Productus 
limestones of Indo-CAiina. 
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the limestone sequence of these regions does not include part at least of the Car¬ 
boniferous. 

Further south, in various parts of Malaya there is a thick sequence including 
some 5,000 feet of limestone which is in many ways reminiscent of the Plateau 
Limestone of Burma and, like it, appears to straddle more than one geological 
system. In Kelantan, some associated shales have yielded at late Carboniferous 
flora. In Perlis, a Uralian fauna, with abundant FtisuUna, has been obtained 
from the lower division of the formation in which are occasional thin, impure 
limestone bands. At Lnbok Sukum, a horizon in the limestone has yielded an 
assemblage including Xenodiscus and Dentalium herculia and believed to be of 
Permian age. In Kuantan, a Viscan fauna (Lower Carbonniferous) has been 
collected, and from a locality across the Siamese border, not far from Perlis, an 
assemblage of much the same age has been described by Dr. Cowper Reed.^ The 
magnesium carbonate content of the limestone in Malaya is distributed irregularly 
ranging from one per cent to that of dolomite. Carbonaceous varieties are re¬ 
corded, but in some places the limestone is a particularly pure carbonate rock. 
In places the limestone has been altered by intrusions of granite. There is evidence 
that the Malayan formation, which appears to be largely Carboniferrous, becomes 
less calcareous in a southerly direction, a state of affairs in consonance with the 
view that along these longitudes the shores of Gondwanaland lay to the south.* 

A similar formation of great thickness and of great diversity, including fossili- 
ferous limestones is described from Sumatra by Professor H. A. Brower, who 
notes that it may include Permian, Carboniferous and even older Palaeozoic rocks. 
The richest fossil collections come from the island of Timor and belong mostly 
to the Permian, the affinities of which are with the Salt Range, the Urals, Sicily, 
and the Alps. In spite of a certain independence in the faunal development of 
the Timor Permian, it has enough in common to indicate that the Tethys geo¬ 
syncline reached from the Mediterranean to the East Indies as early as Permian 
times.* 


in. MERGUI SERIES. 

Stratigraphical Position. —The older rock systems of Burma have been stu* 
died in the northern and sourthern, but not so much in the central parts of the pro¬ 
vince. The correlation between north and south, therefore, is of a provisional 
nature and may require modification when the intermediate region has been more 
throughly surveyed. 

The southern half of Burma comprises from south to north, Mergui, Tavoy, 
Amherst, Thaton, Salween, the eastern hilly parts of Touhgoo and Yamethin, and 
Earenni, and ends indefinitely in the Southern Shan States. It is convenient to 
regard this tract, which includes in addition to the political division of Tenasseim 
the independent State of Earenni and the Yanethin district of the Mandalay division 
as a geological province, some 700 miles in length characterised throughout by the 
presence of a biotite boss granite forming the cores of the ranges of the Burma- 
Malayan mountain system. Tenasserim and Malaysia further south together 
form a strip of country carrying the most important tin deposits in the world* 


1 Oeol. Mag., Vol. LVII, 113-120,172-178 (1920). 

* J. B. Sorivenor, ** The Geology of Malaya **, 63-61 (1031). 

* H. A. Brouwer, '*The Geology of the Netherlands Bast Indies **, 17 (1926). 
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The mountain ranges of the Southern Shan States coalesce in Karenni where there 
are elevations of over 5,000 feet, but further south maintain a marked individuality. 
In these more southerly regions of Salween, Thaton, Amherst, Tavoy and Mergui, 
most of the drainage is approximately N.-S. The granite of the ranges and islands 
has been intruded into great thcikness of argillaceous strata with subordinate 
limestones, quartzites and volcanic detritus, to which the name of the “Mergui 
series” has been given. The general facies to these rocks was at first described as 
suggestive of the Dharwar system and they have been coloured as the equivalents 
thereof on the latest 32-miles geological map. As a whole, however, they show far 
less metamorphism than this ancient system of the Peninsula, and have nothing 
whatever in common with the supposed Dharwars of Mogok and the frontier ranges 
of Bhamoor, to go a little farther a field, with the supposed Dharwarian Ta-li 
series of Yunnan. 

The Merguis are unfossiliferous and there are lithological resemblances between 
some of the more metamorphosed varieties and certain members of the Chaung 
Magyi series of the Northern Shan States, but Coggin Brown points out that such 
similarities may be an accidental result of the violent and prolonged mountain¬ 
building activities in which Tenasserim has shared, and of the soaking which its 
rocks have endured in the post-Palajozoic granite magmas. The equivalence of 
the Merguis and Chaung Magyis, however, is a possibility which cannot yet be 
definitely discarded and is favoured by several observers, the latest of whom is 
Mr. 6. V. Hobson who suggests that the Chaung Magyis may be a non-calcareous 
facies of the Merguis.^ The correlation of these two series might seem to derive 
some confirmation from the fact that the most southerly exposures of rocks assigned 
to the Chaung Magyi series— viz,, those in the Salween distri(!t—lie to the south of 
and in the line of strike of the most northerly outcrops of rocks referred to the 
Merguis in BawJake ; resmblances arc strengthened-—perhaps fortuitously by the 
fact that in both localities these ancient sediments underlie the same thick limestone 
formation and are intruded by a boss of granite. 

As a whole, however, there is little in common between the Chaung Magyis 
and the Merguis. As remarked by Dr. Coggin Brown, for none of the rock series in 
any way comparable to the Mergui in neighbouring countries a pre-Cambrian 
age is preferred observers best qualified to express an opinion, Wallace Lee, 
for example, is of opinion that his “Metamorphic series” of northern Siam is rather 
more likely to be a highly metamorphic phase of the Palaeozoic beds on the flank 
of the granite intrusion than pre-Palaeozoic sediments turned up or faulted up in 
connection with that intrusion. * Mr. J. B. Scrivenor is not completely satisfied with 
the claim by some geologist that the Moulmein Limestone lies unconformably 
upon the Merguis. Whether this is so or not, he suggests that the Merguis may 
correspond either to the Trias of Malaysia or to the sediments at the base of the 
Carboniferous, so clearly exposed in the Langkawi Islands and Perlis ; of the two 
alternatives he prefers the latter, since the Merguis contain no beds of chert.f^ On 
the other hand, the irregular penetration of the Trias of Malaysia by the granite is 
said to be very reminiscent of the relationship between the Merguis and the same 
granite in Tenasserim. In both Malaysia and the Dutch East Indies Dr. Brouwer* 


» Trans. Min. Oeol, Inst. lnd„ Vol. XXXVI, 66 (1940). 
* Geol. Bep. on Payap and Maharastra, p. 3 (1923). 

» “ The Geology of Malaya ”, 84 (1931). 
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iBCognises no stratified rocks older than the Carboniferous and suggests that a large 
part of the Old Schists ” may be Palsaozoic rocks made prematurely old by the 
great mountain-building activity which affected the area subsequent to their 
deposition.^ The Javanese developnient of such rocks is only local, but they 
are referred to the Cretaceous. In Indo-China, little work has been done on the 
crystalline rocks but even here Palaeozoic ages have been suggested for certain 
of the schists. Finally, there is the evidence regarding their age afforded by the 
volcanic activity which characterised the Mergui period. One of the most striking 
features of the Merguis is the great development of pyroclastic and efiusive volcani c 
rocks, such as the fine agglomerates of Tavoy, or the coarser agglomerates, the 
tuffs, rhyolites and other types of the Mergui district. Such an assemblage is 
strongly recalled by descriptions of the various members of the Pahang Volcanic 
series of Malaya. This series marks a period of volcanic activity beginning at least 
in the late Carboniferous and lasting until the Trias^; it corresponds closely, in 
fact, with the Panjal Volcanic suite of Kashmir. Anything of volcanic or hypaby- 
ssal origin older than the granite of this region seems to have been included in the 
series which is recognised as only a part of the more widely spread, coeval, volcanic 
effusions of Sumatra and Borneo. In parts of Indo-China, especially in the Upper 
Laos and northern Annam, rhyolitic effusions are said to have commenced in the 
“ Upper Anthracolithic ** (Uralo-Permian) and to have continued into the Triassic 
periods.^ Thus, to the northeast, east and south of Tenasserim, vast tracts of these 
late Paleozoic to early Mesozoic volcanic rocks have been proved to exist, and the 
suggestion that the volcanic rocks of Mergui, Tavoy and even Thaton, may have 
some connection therewith, is worth serious consideration. Within the confines 
of Burma, however, there is no definite evidence bearing upon the age of the Merguis 
and the inclusion of those rocks in the present chapter rather than in a much earlier 
one is a purely provisional procedure made in diference to the tendencies of outside 
opinion. The wolfram and cassigerite veins which penetrate the Merguis belong 
to a later chapter in the geological history of Tenasserim. It will be convenient to 
commence with a description of Tavoy, followed by that of Mergui, and then 
to return to the districts north of Tavoy. 

TAVOY. 

Physiography. —The district of Tavoy is rugged tract, made up almost 
entirely of mountains with a general trend parallel to the N.N.W.-S.S.E. strike of 
the rocks, and covered with dense tropical jungle of tall evergreen trees and heavy 
undergrowth. Not much more than 5 per cent, of the area is, in fact, under culti¬ 
vation.* With the exception of two basins of Tertiary rocks in the interior and the 
Recent deposits along the coast and in the lower portions of the river valleys, the 
district is built up of Mergui rocks and granite, the area occupied by the outcrops 
of granite being not much less than that taken up by the Merguis. 

Lithology and Structure. —The Mergui series is an assemblage of highly 
folded and indurated but little metamorphosed sedimentary rocks, which have been 

1 The (Geology of the Netherland Bast Indies pp. 10-12 (1925). 

• J. B. Sorivenor. “ The Geology of Malaya ”, p. B4. 

’ C. Jacob.” G5ologi6 et Mines de la France d’ Cutre-Mer ”, 406 (1932). 

* J. Coggin Brown and A. M. Heron. Mem., XLIV, 167 (1932). 
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extensively intruded by large and small bosses of granite. All the main valleya 
are occupied by Mergui beds, often in quite narrow strips, with high granite land on 
either side. It is essentially a formation of hardened and crushed argillaceous 
deposits, agglomerates and silicihed tuffs, with greatly subordinate quartzites, 
limestones and conglomerates, and is characterised by monotonous uniformity 
of type over large areas and over great distances measured across the strike. The 
folding is probably of an isoclinal nature but, owing to the uniformity of rock 
type and to the inaccessibility and jungly nature of the country, it has not been 
possible to elucidate the folds in detail. Locally the strike may vary between 
N.-S. and N.W.-S.E., but.the usual trend is N.N. W.-S.S.E. The dip is irregular and 
when seen, always high, usually from 60® to vertical. It seems probable that the 
series is repeated several times in closely pressed folds in any extensive E.-W.section. 
In such a country faulting is difficult to recognize, but some of the larger mines 
show numerous small strike faults in both the sedimentaries and the granite. As a 
result of the luxuriant vegetation and the excessive rainfall, decomposition of the 
rocks has penetrated to an unusual depth. 

Argillaceous Members. —According to Coggin Brown and Heron, the term 
argillite is the most suitable one for the bulk of the argillaceous rocks, which are too 
obscurely stratified to be called shales and show in sufficiently developed cleavage 
to be called slates. These seddiments are hard, fine-grained, blue-grey to black in 
colour, and affected by very close, splintery and irregular jointing, which causes 
the rocks to split into small angular fragments. Carbonaceous zones have been 
noted in the argillites, carrying finely divided graphite; these varieties do not 
weather to the customary redish brown lithomarge yielded by the normal argillites, 
but retain their black colour. A dried sample of a schistose Variety of one of these 
graphitic rocks yielded a percentage of 2-9 of carbon.* Close to the granite and 
pegmatite intrusions, the argillaceous rocks have become to a large extent phyllites 
and in places even mica schists, with white pyroxene and garnet developed near the 
contact. Other common contact minerals are andalusite, silh’manite and pyrite. 
Such typical examples of the effects of thermal inetamorphism are, as we shall see, 
to be matched in Mergui, and are paralleled by the changes suffered by the Triassic 
shales of Malaya ; the latter are described by Scrivenor as having developed near 
the granite boundary secondary minerals such as biotite, tourmaline, sillimanite and 
andalusite, and as having been indurated, in some cases to a rock as compact as 
chert, breaking in many directions independently of the bedding planes.- What¬ 
ever the respective ages of the invaded rocks may be, the granite of Tenasserim is 
probably identical with that of Malaya. The most frequent contact effect, according 
to Brown and Heron, is a compact and very tough quartzite produced probably by 
the fusion and recrystallization of the silica of the argillite fortified perhaps with 
silica derived from the granite during its conolidation ; this quartzite ofter extends 
for yards from the granite and is a common site for waterfalls.® 

Pyroclastic Deposits. —^Next in importance to the argillites are the fine agglo¬ 
merates or graywackes which are more especially developed in the southern vicinity 
of Tavoy town. They can be seen exposed at intervals in the gorge of the Great 
Tenasserim river where it breaks across some of the ranges. When fresh, these 


» A. W. G. Bleeck. Rcc., XLTIT, 63 (1913). 
» “ The Geology of Malaya ”, 69 (1931). 

1 Mem., XLIV, 181 (1923). 
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rocks are dark grey, almost black, weathering to an ashy brown colour. They are 
built up of a structureless jumble of small angular fragnments of quartz, slate, fine 
quartzite, felspar, etc., of an average size less than that of a grain of wheat but 
occassionally reaching that of a hazel nut, with very few rounded pieces of granite 
about three inches in diameter, all set in a fine matrix identical with the material 
of the argillites. Incidentally, this early pre-Mergui granite has not been found in 
situ. These extremely hard and tough rocks, unaltered except for induration, 
with neither stratification nor cleavage, represent the finer ejectamenta of paroxys¬ 
mal eruptions which were the source of the coarse agglomerates of indubitable 
volcanic origin found in the islands of the Mergui archipelago. Amongst them are 
broad bands of ordinary argillites with an incipient cleavage parallel to the general 
strike. The graywackes, being harder than the normal argillites, give rise to 
cascades and rapids when lying athwart streams, and are typical components of 
the more elevated tracts of the Mergui series. 

Arenaceous B^ds.—Interbedded with the normal argillites are infrequent san¬ 
dy modifications in the form of impure quartzites. Purer quartzites are to be seen 
in places, traversed by veinlets of finer quartz; these are fine-grained, unstratified, 
irregularly jointed rocks, which under the microscope show a mosaic of quartz 
clouded with aluminious materia^ The quartzites, as usual, form bold and rugged 
ridges. It is doubtful whether any true conglomerates occur in the Merguis of the 
district. 

Limestones.—Some, at any rate, of the limestone bands of this district appear 
to belong to the Mergui series. This rock, sometimes massive but more usually 
thin-bedded, is for the most part impure and blackish or red in colour, but white 
saccharoidal varieties full of irregular knots and streaks of ferruginous and clayey 
material are known. 


MERGUI. 

Physiography.—The district of Mergui is, geographically and geologically, 
a southerly continuation of the country of the Tavoy district and includes an 
extensive archipelago of islands. The ranges and rocks have the general N.N.W.- 
S.S.E. strike, veering sometimes to N.-S. Geological details is largely obscured oy 
dense jungle and a thick mantle of soil, both the results of an annual rainfall 
averaging about 184 inches. 

Structure. —The sequence is in all probability repeated by folding and anticlines 
and synclines are claimed to have been recognised.^ The dip is most frequently 
steep, but is sometimes gentle, and folding is in most cases as compressed as it 
is in Tavoy. 

Lithological Character.-~The Mergui rooks of the Mergui district are similar 
in character to those of Tavoy but differ therefrom in small but interesting ways. 
The coarser forms of pyroclasstic deposits are locally more plentiful and in fact 
mark the sites of actual volcanic foci; the series generally is more aremaceous; 
conglomerates are comparatively frequent and moderately coarse; Uthological 


^ S. S. Rama Rau. Mem., LV, 13 (1930). 
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types are described as being more definite, with less gradation from one to the 
other, indicating a slightly more successful sorting action. 

Argillaceous Types. —The predominant members are shyllites and argillites, 
dark grey in colour and weathering to buff or brownish red clays of the succession. 
The argillites in many parts of the district are fine-grained and finely laminated, 
breaking easily along the bedding planes and approaching micaceous slates. They 
have been converted into hard slates and hornstones by the intrusive granite—^for 
instance, along the contact of the Tagu granite boss^; in many cases chlorite has 
been formed, and in one place the result of intrusion has been the production of 
brown biotite, magnetite and garnet. The phyllites in places carry many lenticular 
patches of graphitic material,and the shales are sometimes carbonaceous. There 
are many grades of calcareous shales with varying quantities of lime. 

Conglomerates. —The pebbles of the conglomerates usually range up to 
three inches in diameter, and consist mainly of quartz and felspar; one of them 
has been recorded as being composed of a biotitic and well-foliated granite, confirm¬ 
ing other indications of a pre-Mergui granite. The argillites on the east coast of 
Lampi Island are interbedded with conglomerates, the pebbles of which consist 
chiefly of biotite-hornblende granite, quartz and quartzite; and range from an inch 
to a foot in diameter, some argillaceous pebbles and pebbles of jasper show fiat sur¬ 
faces. The indications are, in fact, that the pebbles of the locality travelled no great 
distance from their source. Some of the conglomerates on the mainland are descri¬ 
bed as passing gradually into slates. 

Arenaceous Beds. —Quartzites are somewhat more prominent than they 
are in Tavoy, and give rise to simiar falls and rapids. Sandstones, more or less 
indurated, occur, and there are many grades of calcareous varieties with varying 
quantities of lime. 

Limestones. —Impure blackish or red limestones are to be seen, and crystalline 
forms have been noted. 

Pyroclastic Rocks. —The most interesting rocks of the district are the tuffs 
and agglomerates. On the west coast of Elphinstone Island and on the small 
islets adjacent thereto occur volcanic agglomerates of the types usually found in 
and around volcanic necks, including fragments of pumice, devitrified glass, sedi¬ 
mentary rock, felspar porphyry, cellular pumiceous rhyolite sometimes showing 
sphasrulitic structure, and white tuffs full of bombs and lapilli. Associated with 
these agglomerates, which form high conical peaks on Elphinstone, are dykes and 
small bosses of hypabyssal rocks in the from of porphyritic microgranite and granite 
consisting of large orthoclase phenocrysts in a granophyric groundmass.® The 
west coast of this island shows a great series of rhyolites and porphyries ; the central 
portion is occupied by coarse, hornblende-biotite granite, differing from the type 
on the mainland in having hornblende in addition to biotite. On Maingay’s Island 
to the northeast, there is a great development of volcanic agglomerate, forming 

» Gen. Rep. Bee., LIV, 61 (1922). 

* Gen. Rep. Bee., LIH, 20 (1921). 

» Gen. Rep. Bee., LV. 33 (1923). 
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similar conical peaks and composed of quartz, felspar and biotite fragments, with 
chips of glass and quartzite, evidently the product of the paroxysmal eruption of a 
magma corresponding in composition to granite or rhyolite. These two localities 
probably coincide with two of the principal foci of eruptions which distributed 
their debris so widely through the Mergui series of Tavoy and Mergui.^ The 
northern shore of King Island and the neighbouring Iron Island perhaps mark the 
site of another. At the former are seen numerous sills of porphyrites granite and 
granite porphyry, showing marked fluidal structure; these hypabyssal rocks are 
thought to belong to the same volcanic period as the agglomerates. Ashy rocks 
have been noted on Singu Island off the mouth of the Lenya river. On the mainland, 
east of this estuary is another band of tough, indurated, volcanic tuffs, with angular 
fragments of felspar and sub-angular pebbles of slate of varying size. These rhyo¬ 
litic flows and tuffs remind one forcibly of the Malani suite of Bajputana and of 
similar rocks elsewhere in the Lower Vindhyan, but such resemblances between 
areas 2,000 miles apart are probably of no material significance. 

Schistose types, Pegmatites and Veins. —Near Talobusa, the shales of the^ 
Mergui series appear to have been intimately intruded by granite, just US' 
they have been in Green Island and on the Amherst coast and metamorphosed, 
to hornblende and biotite schists. Hybrid products thus produced have shared 
in the crustal movements which affected the Merguis, and are traversed by pegmatite 
veins branching irregularly in varying directions, while quartz veins of still later- 
age, orientated N.E.-S.W., have cut accross the pegmatites. 


AMHERST. 

Physiography.— The general geology of the Tavoy district continuous north¬ 
ward into the district of Amherst. This is largely a plain country but there are 
three continuous ranges of hills extending through it in a general N.N.W.-S.S.E. 
direction; these converge towards the south and join the mountain mass where 
Amherst, Tavoy and Siam meet. The westernmost range—the Taung-nyo—the 
continuation of a range in Thaton to the north, separates the coastal plain from the 
Ataran valley. The middle range forms the divide between the Ataran and Haung- 
tharaw streams, while the eastern, the loftiest of the three, is the Dawna range 
which ties between the Haungtharaw and the Thaungyin river, the latter forming 
the boundary separating Burma from Siam. 

The two outermost ranges, and in addition much of Bilugyun Island, are 
made up of an assemblage of highly folded and indurated sediments, very similar 
to the Mergui series in Tavoy and Mergui, with which they are no doubt continuous, 
and like them extensively intruded by bosses of granite, some of them of consider¬ 
able size^. The dark shales, exposed along the coast and on Green Island, have 
been metamorphosed to mica schists and mica-hornblende schists by the granite 
which has become contaminated by absorption of the invaded sediments. In 


» Gen. Rep. LIV, 52 (1922). 

* Gen. Rep. Rec., LIH, 37 (1921); Ibid LVI, 95 (1924). Ibid. LXH, 99 (1929). 
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the broad valleys of Amherst, between the ridges these granite-intmded sedi¬ 
ments are extensive developments of the Moulmein Limestone.^ The Dawna range 
is composed of coarse, banded gneisses and schists with gneissose granites—types 
foreign to the Tenasserim geological province. The hills between the Dawna 
range and the Siamese frontier are composed probably to a large extent of Mesoxoie 
strata, but the Mergui series, according to Cotter, is possibly represented by a 
small outcrop of hornblendic quartz schist on the bank of the Mepale river, 2| 
miles southwest of Tawok-ywa.* 

West of the Taung-nyo range is a band of alluvium, broken only by the Amherst 
hills and the laterite deposits surrounding them. The Amherst hills are litho¬ 
logically the same as the Taung-nyo range, and the rocks thereof have a general, 
westerly dip. These rocks, which in places are considerably veined with quartz, 
are said to pass through metamorphosed sandstones and schists into the injection 
gneisses, granulites and phyllites of the coast, where lit-par-lit intrusion of granite 
has been active.* 

Lithological Character. —The Mergui rocks of the Amherst district, with 
an average strike N.N.W.-S.S.E. and a steep and often vertical dip, are catalogued 
as fine black slates and argillites, with subordinate quartzitic sandstones, grits 
and impure limestones. Metamorphism is of a local rather than regional character 
and is probably due in the main to the granite intrusions. The predominant rocks 
are hard, dark slates, roughly cleaved and often quartzitic; these slates of which 
there are great thicknesses are fine, very uniform, distinctly fissile rocks, black or 
dark-blue in colour, not so hard as the uncleaved argillites of the Tavoy Merguis but 
otherwise very similar.^ There are in these slates no signs of stratification by 
differences in texture and colour to show whether the cleavage is induced or coin¬ 
cident with original lamination. Dr. Iyer refers to some of the argillaceous rocks 
as shales, black and graphitic, or red, with bedding often discernible.® Other 
types recorded are graywacke, arkose and phyllitic nxica schist. Associated with 
the slates are quartzites which in places are somewhat argillaceous. The 
limestones, which according to Heron are distinct from the Moulmein Limestone 
are little more than non-fissile calcareous slates, and are traversed by many fine 
irregular cracks filled with calcite. Two outcrops of sandstone conglomerate with 
well-rounded pebbles have been recorded as occurring in the Ye valley. East of 

1 Mr. Leicester found no definite proof in this area of an unconformity between the 
Moulmein Limestone and the rocks of the Taung-nyo range. For the latter ho proposed the 
provisional name of “Taungnyo series”, but their equivalence to the Merguis is practically 
certain. His conclusion was that there was probably no groat time interval between the depo¬ 
sition of the “ Taungnyo ” rocks and that of tho Moulmein Limestone. He suggests, in fact, 
that the former, and therefore also the Merguis, may occupy a position well up in the Palaeozoic- 
sequence . Folding, faulting and cleavage have obscured the junction between the two formations 
and tho want of discordance in one or two cases may not necessarily infer a continuous sequence. 
Nevertheless, proof of unconformity is lacking as much as proof of conformity. It is to bo 
noted that a conclusion similar to that of Leicester was arrived at by Vinayak Rao with regard 
to tho Merguis and Moulmein Limestone in tho Nagwan Chaung, a tributary of the Little 
Tenasserim river. Here tho Merguis aro described as underlying the Moulmein limestone sand 
passing up gradually into them ; Sethu Rama Rau, however, who saw these and other exposure 
seems to have formed the opinion that the two formations are in general unconformablo {Bee. 
LV, 32, (1923); Mem,, LV, 18 (1930)). 

* Bee., LV, 276 (1923); Ibid. LVI, 96 (1924). 

* Leicester. Bee., LX, 91 (1927>. 

« Gen. Rep. Bee., LIII, 38 (1921). 

>R€C., 72, 68(1937). 
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Lamaing, the Mergui series is made up for the most part of banded gneiss or tuff 
felspathic sandstone^ graywacke and agglomerate. 

Contact with the granite.— Southwards, the sandstones and shales of the 
Taung-nyo rocks terminate against the granite boss which sweeps inland from 
the coast; near the granite boundary they are largely replaced by quartzite 
and slates strongly resembling the rocks which occupy the southern part of the 
district and are continuous with the Merguis of Tavoy.' Mr. Leicester remarks 
that the granite masses appear to have contributed a considerable amount of silica 
to the argillaceous rocks where the latter come into contact with the igneous rock.* 

THATON. 

A narrow belt of quartzitic sandstones, argillites and grits, a few miles east 
of the Thaton-Martaban railway, has been referred to the Mergui series ; as in 
Tavoy and Mergui, these beds carry wolfram-bearing and tin-bearing veins. In 
the Thaton-Martaban hills west of the railway, there is an outcrop of slates, con¬ 
taining a small stibnite-bearing quartz vein, and presumably belonging to the 
Merguis.* 


KARENNI. 

A series of fine-grained sedimentary rocks, comprising clay slates, very fine sand¬ 
stones and grits, calcareous mudstones and limestones, is described by Mr. G. V. 
Hobson as occurring in the Mawchi area of Bawlake, one of the Karenni States. 
These rocks have been given provisional name of the “ Mawchi series ‘‘ pending 
a possible correlation with the Mergui series ’’ of the more southerly parts of Burma. * 
Eastwards, the Mawchi beds are succeeded by the Plateau Limestone with a mark¬ 
edly unconformable overlap, the newer formation lying upon the older in scattered 
outliers for distances up to twelve miles west of the main limestone scarp and 
at varying elevations. Westwards, the Mawchi sediments are replaced by a 
metamorphic complex, the change from the one to other being in most places 
a gradual transition. The bands of limestone, one of which has played a prominent 
part in the formation of the Mawchi cassiterite and wolfram ore-body, are lenticular 
and have an orientation generally parallel to the strike of the rest of the rocks. 
In the mine area, a boss of biotite granite has invaded and metamorphosed the 
Mawchi beds. 

The general strike varies from N.N.W.-S.S.E., to N.W.-S.E., and the structure 
is one of tightly-packed folds, some of which are probably isoclinal. The dip 
in most cases is high, but may fluctuate rapidly, in the more central part of the 
area, relatively gentle folding on a small scale is occasionally to be seen. Strike 
faulting is observable here and there. 

The metamorphic complex, which here forms a wide belt along the western 
margin of the Shan plateau, is regarded by Hobson as a highly altered and intruded 
facies of the normal Mawchi series; it is made up of gneisses, epidiorites, horn- 
blende schists and mica schists, invaded by wide expanses of granitic intrusions^ 

»Gen. Rep. R«c., LXIII, 04 (1930). " 

*Rec., LXIT. 100(1929). 

» Rec., LVI, 100 (1924). 

* Trana. Min. Otoh InaL Ind., Vol. XXXYI, 40-41 (1940). ^ 
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The granite of the Mawchi mine is presumably the Tavoy Granite of late Mesozoic 
or early Tertiary age. It has given rise to a narrow metamorphic aureole in the 
invaded Mawchi beds, with the formation of marble, quartzite, indurated slate 
and spotted grit. Secondary biotite, calcite and actionUte have been developed, 
but the thermal alteration is generally of a low order. 

With regard to the age of the Mawchi beds, we have the choice of the following 
alternatives:— 

(i) that the Chaung Magyis of north Burma and the Merguis of the south 

are more or less equivalent in spite of lithological differences, the 
exposures in Yamethin, Bawlake, Salween, Toungoo and Thaton, all 
belonging to one and the same formation; 

(ii) that while the Chaung Magyis may be pre Cambrian, the Merguis are 

much nearer in age to the Plateu Limestone. In this case we may 
(a) assign the Yamethin and Salween exposures to the Chaung Magyis 
and the Bawlake and Thaton exposures to the Merguis, a scheme 
wliich has been provisionally adopted in this work, or (b) refer the 
Yamethin beds, the “ Mawchis ” of Bawlake and the beds in Salween, 
all of them either to the Merguis or to the Chaung Magyis. 

The Yamethin beds, which vrere assumed by Dr. Cotter to be Chaung Magyis 
resemble the Merguis to the extent of having thin bands of limestone, and are 
evidently regarded by Mr. Hobson as the equivalents of the Bawlake beds which 
he thinks will eventually prove to be members of the Mergui series. It may be 
mentioned that Mr. Hobson, although he has mapped separately the limestone 
bands among the Mawchi rocks of Bawlake, is evidently satisfied that they belong to 
the Mawchi sequence and are not folded-up outliers of the Plateau Limestone; 
outliers of the latter have been recognised as such in tlie Bawlake area. A similar 
statement applies to the limestone bands in the beds in Yamethin assumed by 
Dr. Cotter to be Chaung Magyis. In attempting to estimate the age of the Mawchi 
beds, too much importance must not be attached to their association with 
a granite whose latest phases appear to have been resi)onsible for a cassiterite- 
wolfram mineralisation. Both the granite and the mineralisation arc much younger 
than either the Chaung Magyi or Mergui deposits and, while they are character¬ 
istically associated with the latter, their penetration of the former is possible 
and cannot be precluded, especially in the debatable country between the main 
Exposures of the two sedimentary formations, 

DEVONIAN PAL^OGEOGRAPHY. 

Various movements at the end of the Silurian period divided the marine area 
of the globe into several more or less distinct basins. The disturbances which 
in Europe produced the Caledonian Mountains and North Atlantic land area caused 
a large part of northern Asia to become dry land. Along the southern fringe 
of the Caledonian land-mass accumulated the Old Bed Sandstone deposits. A 
large sea stretched across central Europe and central Asia, and may have been 
connected with the sea which covered parts of South Africa, South America and 
the United States. 

The few localities in Asia in which a marine Lower Devonian fauna has been 
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recognised comprise Turkistan, Afghanistan, East Ferghana, Chitral, the Northern 
shan States of Burma, the Altai Mountains and the Salair Mountains on the 
Southern frontier of Siberia. In the Northern Shan States, the Himalaya, 
the Ural region and Eastern Ferghana are to be found relics of 
sedimentation continuous from the close of Silurian to the beginning of 
ibevonian times; such continuity can be observed in Great Britain 
and several other parts of the globe. Throughout China, Lower Devonian occ¬ 
urrences are confined to continental deposits with a few plant remains. Dr. 
Grabau’s map of Lower Devonian geography shows an enormous continent, 
stretching from the north of Asia to southeastern Asia including the East Indies, 
and westwards through India to Persia, Arabia and beyond.^ Two arms of the 
Boreal sea are drawn stretching southwards into the heart of this great land-mass. 
The more easterly of these extends from the Gulf of Yenisei to the Salair Mts. 
The more westerly channel stretches from the north coast of European Russia 
through the site of the Ural Mountains and thence southeastwards to the border 
country of Afghanistan, Turkistan and Chitral; a side channel probably connected 
it with the central European sea and was responsible for the marked Bohenxian 
element in the Lower Devonian faunas of the Urals, East Ferghana and the Hindu 
Kush. In the Himalaya, no visible sign of a break exists in the continuity of 
deposition from the beginning of the Muth period (Upper Silurian and the greater 
part of the Devonian) to the middle of the Carboniferous. The Muth, Tanawal 
and Jaunsar series of the Lesser Himalaya are all unfossiliferous. If they are of 
marine origin, they would be regarded as evidence of the slight but widespread 
sinking which the margin of the Gondwana continental area underwent at this time 
If any of these Himalayan sediments are of sub-aerial or fresh-water origin and of 
Devonian age, they would be regarded as the silts of rivers draining a section of 
the land-mass northwestwards into the Uralian gulf. 


The world-wide marine transgression which took place at the beginning of the 
Middle Devonian epoch was responsible for the fact that Middle and Uppar Devo¬ 
nian sediments are very frequently found superposed unconfoimably upon pre-Devo¬ 
nian rocks, the Lower Devonian being absent. This marine encroachment initiated 
a uniformity of conditions which prevailed during the remainder of the Devonian 
period and gave rise to a more generalised life assemblage over extensive portions of 
the globe. At the beginning of the Eifelian, this transgression was not sufficient to 
destory completely the barrier between the Eurasiatic life province and the province 
of North and South America. The Ural gulf, i.c., the more westerly of the two 
extensions from the Boreal sea, seems to have been an exception to the general 
marine invasion and to have retreated. The more easterly arm, on the other hand, 
the Tomsk geo-syncline of G.B. Barbour® with its Boreal fauna, became prolonged 
southwards across the western end of Mongolia to join a mediterranean sea wUch 
stretched from central and southern Europe through the Bosphorus region, across 
Asia Minor and Persia, along a re-opened Himalayan geo-syncline to Burma, 
Yunnan and Indo-China. In the eastern parts of this Tethys sea lived the Padauk- 
pin fauna, the corals and brachiopods of which consist predominantly of types 


1 Stratigraphy of China Voh 1,145 (1024). 
s J. Wt Gregory, Structure of Asia ”, p. 195 (1029), 
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characteristic of the European Eifelian, including the well known Calceola sandidina* 
The fauna of the Cafeeola-shales of western Europe has also been recognised in 
Arnxenia and Siberia. Middle Devonian deposits are known to occur in southern 
China, eastern Yunnan, Tonkin and Annam. In Indo-China they consist for 
the most part of the Eifelian which is the most widespread stage of the Devonian 
in that country and shows a colossal development. In eastern Yunnan, the Eifelian 
and Givetian are both well developed. Species identical with or related to all 
the Padaukpin corals are found in the Chinese Middle Devonian. The Eifelian 
of Tomsk, with its Calceola sandalina, contains nearly all the European species 
found in the Padaukpin beds. The small but distinct American element (Chemung) 
in the Padaukpin fauna is not readily explicable from Dr. Grabau’s map,^ but 
arrived either via the Tethys sea or, as suggested by Du Toit,* started from western 
North America and travelled via western and southern shores of Gondwana, 
land: the same American element is found in eastern Australia, but not in 
'western Australia or the Himalaya. The greater part of Australia in Devonian 
times was occupied by land which, according to Sir Edgeworth David, was clothed 
probably for the first time in its history, with a living mantle of green. In the 
middle epoch of this period, this vegetation consisted of closely-packed slender 
stems and a net work of rhizomes of Schizopodium, a plant which was half moss, 
half alga. “ In later Middle Devonian and in Upper Devonian times, representa¬ 
tives of the class of the Lycopodiales had already attained arborescent propor¬ 
tions, the stems of Lepidodendron avstrale being about four inches in diameter and 
having a length of probably 15 to 20 feet.” The Devonian period was one of con¬ 
siderable volcanic activity in the Australian region. In the central Himalaya the 
poorness of the material of Middle Devonian age prevents a satisfactory analysis of 
its faunistic characters, but Cowpci Heed’s recognition of European brachiopods 
{e.g., Orthothetm umbraculum) proves the presence of the same life province in this 
region. 3 

Further marine invasion took plact in the northern hemisphere during the 
Givetian or upper stage of the Middle Devonian. According to Grabau, the Angara- 
land of the Asiatic land-mass became split off from ‘‘ Tibetia ” and “ Cathaysia ”— 
the latter an ancient land tract including Further India and the East Indies— 
by the Mongolian geo-syncline which united with the Tomsk channel and the 
waterway connecting the latter with the Tethys across the Tian Shan. From the 
Tian Shan channel a subsidiary arm made its way E.N.E’. wards, north of Tibet 
along the axis of the Kuen Lun geo-syncline. It was not an expansion of the 
arm, however, but of the end of the Tethys or Himalayan geo-syncline which 
enlarged the Chinese basin. The Givetian fauna is well developed in China, includ¬ 
ing eastern Yunnan, eastern Kwang-si and southern Hunan, and appears to be 
present also in Tonkin; with its type fossil, Stringocephalus burtini, it has been 
recognised in the Tomsk area and the Ural Mountains, as well as in Canada and 
western Europe. Finally, the water which covered the Ural geo-syncline spread 
over Russia to form a wide sea. As we have seen, the Padaukpin fauna contains 
a few Givetian forms, indicating probably that the expansion of the Tethys survived 
the Eifelian. 


1 “ The Stratigraphy of China ”, Vol. 1, 166 (1924). 
* ” Our Wandering Continents ”, 66 (1937). 
a Bee., XL, 3 ((1910). 
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In Du Toit’s reconstruction of events, Oondwanaland was in Middle Devonian 
times surrounded and isolated by the sea which stretched from Australia through 
Yunnan, Burma and the Himalaya to the Mediterranean region. 

In the Frasnian epoch of the Upper Devonian, the Tomsk channel dried up, 
the Angara land-mass becoming united to what Grabau conveniently calls Tobolskia 
and Caucasia, but remaining separated from Cathaysia by the persisting Mongolian 
geo-sycline, as shewn by well-developed Frasnian deposits in the Altai Mountains. 
The Tian Shan arm became prolonged eastwards across what are now the Nan 
Shan ranges to unite with the Chinese basin, forming the “Nanshan geo-syncline*’. 
The Chinese basin increased in size, for both epochs of the Upper Devonian in 
China are more widespread than the Middle Devonian. The Frasnian has been 
recognised in yunnan, but no undoubted upper Devonian exists in Indo-China. 
The Tethys sea still stretched eastwards fsm the Bosphorus, across Asia Minor 
the Elburz Mountains of north Persia, the Hindu Kush range of eastern Afghanistan, 
Eastern Ferghana, Chitral and the western Himalaya. For this reason the Frasnian 
fauna of Chitral is more closely allied to that of western Europe than to that of 
the Urals; the fauna of this age in Eastern Ferghana includes several Chitral 
species. Wkether the mediterranean Tethys retained its connection eastwards 
with the Chinese basin or became separated therefrom by the emergence of the 
eastern portion of the Himalayan geo-s 3 mcline, is not certain, but it is true that 
neither the Frasnian nor any other t)rpical Upper Devonain fauna has so far been 
recorded in the eastern Himalaya, and the connection of the Chinese basin and the 
Wetwin area of north Burma with the Tethys may have been via the Nanshan 
geo-syncline north of Tibet, as shown on Grabua’s map. That the Chinese basin 
was connected with the Boreal region by way of Europe and the Tethys seems 
proved by the recent discovery of the Goniatites {Manticoceras) intumescens fauna in 
central Hunan»^ The home of this Intumescens fauna,** as it is usually called, was 
the Boreal province, from which it migrated into North America on the one hand and 
into western Europe on the other. Many of the European species of this fauna 
are identical with North American forms. In addition the Intumescens fauna 
has been recognised in north Russia and the Urals and, as previously mentioned, 
has representatives in the Wetwin shales of the Northern Shan States; Goniatites 
Manticoceras intumescens itself is absent from Wetwin, perhaps because of the 
estuarine tendencies of the fauna. This shallow-water character is. in fact perhaps 
responsible for the contrasts between the Wetwin fauna and the Upper Devonian 
faunas of Europe and of Asia, with the exception of the Hunan occurrence. It is 
probable, therefore, that the Wetwin assemblage is not so anomalous as has been 
supposed, and that it and the Hunan fauna reached southeast Asia from Europe 
by way of the Tethys and either the Nanshan geo-syncline or a re-opened 
Himalayan geo-syncline. As stated previously, the Upper Devonian fauna of 
the Chitral and Pamir occurrences are essentially European in facies. 

The Ak Baitl fossils from the Pamirs are regarded by Grabau was forming 
a passage fauna between Middle and Upper Devonian, which assembled while 
the connection with the Boreal region by way of the Tomsk channel remained 
open. 

During the Famennian epoch, the distribution of land and sea remained much 


1Y. C. Sun. Bull. Geol. Soc. China, XIV (2), 249-262 (1936). 
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the (Ame in Asia as it was in the Frasnian. By this time, great nnifonnity of 
conditions had become established over the whole world, and the close of the Devo¬ 
nian period was characterised by many organic forms with a very wide geographical 
distribution. The principal change in the European area was the contraction of 
the Ural waterway and the emergence of the Russian platform. 

Both stages of the Upper Devonian are well exposed in southern Shen-si and 
the adjoiniag parts of southern Ean-su and northern Sze-chuan; they are, in fact 
most typical throughout the Tsing-ling geo-synclinc, resting so far as known, 
disconformably upon the Lower Silurian. They have also been found in the border 
region of Hunan, Kwang-tung and Kwang-si. The Upper Devonian of Indo- 
Ohina has a sandy and calcareous facies, indicating an uplift of the sea bottom. 
The Devonian is wholly absent frotai northeastern and eastern China. 



CHAPTER XX. 


THE MARINE FACIES OF THE CAMIONIFERaUS AND 
PERMIAN AND THE EXTRA-PENINSULAR 
GONDWANA DEPOSITS OF INDIA. 

General oonaiderations. Lower Gabbokifxbous : Kangra and Basbilir^ Punjab Hima¬ 
laya, Kashmir! Bupshu: Upper Jhelum valley; Afghanistan. Middle and upper Gab- 
BiNiFEBous: KanpaandBashahar, Pmdab Himalaya, Kashmir: Bupshu; Upper Jhelum 
valley; Karakoram; Other parts of Kashmir. Upper Cabbokiferous and Permian: 

Marker value of the Talohir horizon ; the Salt Range and Its trans-Indus extensioii : 
Classification. A. Nllawan series : Talohir stage—Conularia Beds—Speckled Sansdstone^ 
Lavender Clay. B. Productus Limestone 'series : Distribution and classification; Lower 
Produotoa Limestone; Middle Productus Limestone; Upper Productus Limestone; Fauna of 
the series. The Puidal Volcanic System of Kashmir and other parts: General distribution 
and relationships ; (I) The Agglomeratic Slate; (Ji) The Paidal trap ; (ill) The Stratigraphical 
limits of the Agglomeratic Slate and the Panjal trap; (iy) Papjal Intrusives; (v) Some 
Indifidnal outcrops of the Panjal Volcanics —Lidar valley—^Marbal valley area—Banihal 
area—Basmai-Kolahoi area—^Nagmarg area—Zoji La—Pir Panjal—Shamsh Absri area— 
Gurais area—^Devigarh—^Himalaya—^Hazara syntaxis—^Hazara—Chitral and Gilgit—^Kanawar 
Traps of Mandi—Dalhousie area—Ghamba State Garhwal and Tohri Garhwal—^Eastern 
Afghanistan and Russian Turkistan — Central Tibet. Lower Gondwana occurrences of 
Kimmir : Distribution and Stratigraphical position; Vihi District—Nagmarg area—Pir 
Panjal—Flora and fauna of the Plant Beds. Permian marine sequence In the Punjab Hima¬ 
laya and Eastern Kashmir : Spiti and Bupshu ; Changchenmo valley ; Karakoram ; The 
Zewan beds and Productus Shales of central Kashmir. The Productus Shales in the Great 
Himalaya of Garhwal and Kumaon. Baluchistan. Rewah State. Infra-Trias of Hazara. 
**The Great Limestone*’ of Jammu and Kashmir. Blaini series : Relationships and sub¬ 
division ; Blaini stage; Blaini stage in Sikkim; Infra-Krol stage. Krol series; Distribution 
and classification; Krol Sandstone ; Lower Krol Limestone; Bod Shales; Upper Krol Lime¬ 
stone ; Krol succession in Dohra Dun and Garhwal. Shall series of the Simla area. The 
Deoban Limestone and the Mandhali series; Deoban Limestone; Mandhali series. Exotic 
Blocks in Garhwal. Kumaon and Ngari Khorsum (Hundes). Baxa series of Darjeeling and 
Bhutan. Gondwanas of the Eastern Himalaya: Extent and mode of occurrence: Nepal; 
Darjeeling; Bhutan: Aka Hills; Dafla Hills; Lakhimpur district; Miri Hills ; Abor Hills; 
Mishmi country. Mount Everest area. Chitral. GBgit and the Pamirs. Central Tibet. 
Afghanistan : fhisulina Limestone series; Khingil series; Doan series. Persia. Khyberarea* 
Palaeogeography of the Lower and Middle Carboniferous epochs. 

General considerations. —^The Upper Palaeozoic and Mesozoic rocks of 
India are represented in the Peninsula by a great thickness of strata deposited for 
the most part sub-aerially in river valleys, and known as the Gondwana system. 
The Extra-peninsular counterparts of these rocks, on the other hand, are very 
largely of marine origin and, since their age can be more satisfactorily established 
and they form an important link in the chain of argument by which the age of 
the Gondwana system is determined, they will stand first for description. Their 
equivalents in Burma come partly under the head of the Plateau Limestone which 
has already been described. The Peninsular and Extra-peninsular rocks of this 
portion of the stratigraphical record, although exhibiting the contrast to be 
expected between continental and marine deposition, have a basal bed in common 
and show admixture of one type with the other in places situated on or near the 
old coast-line which separated the two regions. Such admixture is most common 
in the Extra-pensular areas, but one example occurs within the northern margin 
of the Peninsula in rocks corresponding to the early part of the Gondwana era ; 
several cases are observable along the Cordmandel coast, but these are all of them 
in rocks laid down towards the end of the Gondwana period, j.s., in Mesozoic times. 
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Marine Carboniferous rocks are found in the Salt Range, Hazara, Kashmir, 
the Spiti area of Kangra and Bashahr, the Simla area, Qarhwal and Kumaon, 
the eastern Himalaya and, as we have seen, probably among the Plateau lime, 
stones of Burma. In the following table will be found the names of the various local 
formations which go to make up the stratigraphical section under consideration. 

The Gondwana era is, by more or less general assent, considered to have 
commenced about the beginning of Upper Carboniferous times and to have 
continued into the early Cretaceous. Such a conclusion is strengthened by 
evidence from similar deposits in South Africa, Australia and South America. 
Its upper limit in India has not been categorically defined, but may be taken as 
the base of the so-called Lameta series. Any fresh-water bed between that 
horizon and the Upper Carboniferous, especially if plant-bearing, may be 
conveniently included in the Gondwana system. This, of course, is a purely 
conventional arrangement. The Lametas and Inter-trappeans, both closely bound 
up with the Deccan Trap—^under the heading of which they are described—are 
merely continuations of the Gondwana sedimentation, but a line has to be drawn 
somewhere, otherwise this great fresh-water system would swell to an inordinate 
thickness and include such deposits as the Pleistocene Cuddalore sandstones and 
even the more recent Indo-Gangetic alluvium. 

West of the Bay of Bengal, the Lower and Middle Carboniferous of India have 
so far been recognised only in Spiti and Kashmir, but are to be seen in the adjoining 
countries of Afghanistan and Persia. The Upper Carboniferous is represented in 
part by a glacial tillite—the basal stage of the Gondwana system—found, not 
only over a large portion of the Peninsular and Extra-peninsular regions, etc., of 
India, but also widely distributed in she continents of the southern hemisphere. 
Its consideration and that of its Permian accompaniments, should preferably 
form an integral chapter of its own, but certain practical difficulties make it 
advisable, even at the risk of some unavoidable repetition, to include the Extra- 
peninsular occurrences of this interesting deposit in one chapter and its Peninsular 
occurrences in another. The later chapter will include a brief survey of the 
deposit as a whole and a still later chapter will refer to its equivalents in other 
countries. It is proposed, therefore, to begin the present chapter with a descrip¬ 
tion of the Lower and Middle Carboniferous outcrops of the northvrest and north, 
and complete it with a consideration of the Extra-peninsular rocks (excluding 
those of Burma) corresponding more or less closely to the European Upper Carboni¬ 
ferous and Peihiian. 
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Syringothyris Limestone. 
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LOWER CARBONIFEROUS. 

KANGRA AND BASHAHR, PUNJAB HIMALAYA. 

In the Spiti valley, where it crosses that northern portion of Bashahr State 
known as Eanawar (Eananr), the Muth Quartzite, as we have seen, is overlain 
by the Lipak series, the lower sub-division of the Kanawar system. The Lipak 
series consists of a lower portion, representing probably a part at least of the 
Devonian (see page 662), and an upper group of limestones and quartzites, more 
than 1,400 feet in thickness, assignable to the Dinantian or Lower Carboniferous. 
In precipices rising some 4,000 feet above the Lipak river, a small tributary of 
the Spiti, a fine section is exposed, displaying almost the whole of the Silurian 
system with the Muth Quartzite, and the Devonian limestone with its coral bands 
BuHnounted by the succession shown below 


f Po Bories 


Kanawar I 
Bystem. J 


.Middle Carboniferous. 

’“Yellow and buff, crystalline limestono, 

Dark, flaggy, splintery 1 imestone. 600 feet. 

Limestones w»th thin bands of soft 
shale, in both of which fossiliferous 
horizons occur; the lowest bed a 
flaggy limestone—the Syringothyris 370 „ 

Limestone. 


Lipak series 


I White quartzite • 

< H ard, dark, crinoidal limestene 


25 

185 


I Lower 
I Garboni- 
y ferouB. 


White and grey quartzite, with 
purple slatea and subordinate 
bands of flaggy limestone . . 225 „ 


Limestone, weathering yellow and 
reddish brown. 

m 

Dark, splintery limebtone with coral 
bands (Devonian) 


130 „ 

1,435 feet. 
360 „ 


Muth Quartzite. J 

The two quartzites in the Lipak succession closely resctaible lithologically 
the Muth Quartzite. The limestones, especially the uppeimost beds, in the Lipak 
area and elsewhere, have in many places been converted into pure vrhite gypsum 
by the action of sulphurous thermal springs found in the neighbourhood. Across 
the Tibetan frontier bounding Kanawar, the quartzites and accompanying lime¬ 
stones in the higher portion of the Lipak series are greatly altered by contact 
metamorphism. In parts of Kanawar the Lipak series, from the top of the Muth 
Quartzite to the base of the Po series, is said to measure over 2,000 feet. 


The middle stage, consisting of 370 feet oflimestones and shales, thongh much 
crushed and folded, is more or less fossiliferous throughout. From seven horizons 
in this stage, fossils have been collected in a fair state of preservation, most of the- 
forms found in the lowest horizon—the Syringothyris Limestone—occurring also 
at higher levels ; the following from the limestones have been identified by Diener 
and Hayden*: 


^ H. H. Hyden. Mem, XXXVI, 37 (1904). 

^PQl.Ind. New Ser. Vol. V. Mem. 2 (1916); Mem, XXXVI, 38-41 (1912). 
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Aotinozoa— 

ChcBtetes radiana Fiaoh. 

BjTfozoa— 

Pclypora sp. 

Orinoidea— 

Numerous orinoid plates. 

Braohiopoda— 

Discina or Orhietdoidea sp., 

* Proiuctus {Linoproductua) cora d* Orb. (probably iuoluding Pr, (L.) lineatua Waag.), 

* „ of. punclatua Mart., 

* ,, of. loTigiapinua Sow., 

* 99 Bp.igronpofaamireticulatua), 

* ,, of. puatuloaua Phili., 

* Chonetea hardrenaia Phill., var. kashmirienaia Lyd., 

* ,, lipakenaia Dien., 

* Derhyia of. aenilia PhilU, 

* Leptana cf. analoga (Phill.), 

* Syringothyria cuapidata Mart., 

* Spirifer of. kaahmirienaia Dav. {holdhauai Dion.),' 

* Martinia cf. glabra Mart., 

* Dielaama cf. gemmula de Kon., 

* „ kanauricum Dien., 

* Rhynchonella davreuxiana de Kon. (perhaps a variety of Rh» phurodon Phill.), 

* Gamarophoria cf. crumtna Mart., 

Reticvlaria lineata Mart., (possibly equivalent to Squamularia aaiatica), 

Athyria “ royaaii ** L^v. (The term “ Athyria roysaii ** has been applied to so many 
variable forms that its individuality is questionable.) 

Lamellibranchiata— 

Conocardium sp., 

Aviculope^ten sp.. 

Gastropoda— 

PUurotomaria sp.. # 

* Euphemua cf. urei (“ eurii *’) Flem., 

Capulua sp. (the Platycaraa cf. cariiwium ” of Hayden), 

Pteropoda— 

Conularia haydeni Dien. (cf. the British qaadriaulcata Miller), 

Trilobita— 

Phillipaia aff. cliffordi Woodwr, 

Pisoes— 

* Helodua of. crenulattta Newb. & Worth, 

* „ cf. angulatua Newb. & Worth. 

The shales of this stage, excluding the highest, contain the following fossils 
or oasts :— 

Braohiopoda— 

Diaeina [^Orbieuloidea] sp., 

„ of. newberryi Hall, 

* Lingula mytiloidea Sow., 

OhemaUa hardrtnaia Phill., var. kaahmirienaia Lyd., 

Syringothyria cuapidata Mart., 

Spirifer sp. (in places very common). 

RhynchoniUa davreuxiana de Kon. (in places very common). 


' Diener notes that Spirifer was not identified by him from the I4pak area fossils sent 
to him; that genus he identified however, among specimens from Knth and Kuling, 



BrrBA-PBKursvzuoi sonowama 


Obaf. XX.] 


Tax 


Lamellibrftnohiata— 
Avieulopeeten «p. 


Gastropoda— 


Euomphalus sp. (a email specimen elosely resembling E. hecale Hall from the Devonian of 
New York), 

Pleurotomaria sp. 


Cephalopoda— 

Orihoceraa sp^ 


Pieces— 

Paammodua sp. 

The highest shale contains immense numbers of Ealheria, some of which have a close 
resemblance to E, atriata Muenst. 

The presence of Syringothyris cuspidatay pkilUpsia cf. cliffordi and Helodus of 
crenulatus —especially the first of these three fossils points to a Lower Carboni¬ 
ferous age, but this assignment is put beyond any doubt by the fact that 18 of the 
sepecifically determinable forms, i.e., three-fourths of the whole (marked above 
with an asterisk), show close relationships with members of the European and 
American Lower Carboniferous faunas. Only four new species have been found 
in the Syringothyris Limestone of Spiti and Kanawar, and its correlation with the 
Mountain Limestone of Europe rests on satisfactory stratigraphical and palgjontoe- 
logical evidence.! Its equivalent in Australia is the Burindi series of New South 
Wales. With the exception of the crinoid Ihnestone none of the other Lipak 
stages has yielded fossils. 

To the west of the area just described, the fossiliferous middle stage of the 
Lipak series (including the Syfingothyris Limestone) has been recognised at Muth 
and Ruling in the Pin valley. At Muth, about 450 feet of the series are present 
in the form of siliceous limestone, calcareous sandstone and dark, fossiliferous 
limestone ; since these beds are unconformably overlain by the basal Ruling con¬ 
glomerate, believed to be of Lower Permian age, it seems likely that thePoseries 
is absent. Near the middle of the section, the limestone contains large 
numbers of Syringothyris cuspidata, Spirifer holdhausi, Dielasma sp. and JSAyn- 
chofbella davreuxiana, while 50 feet lower down is a band composed almost entirely 
of the last mentioned brachiopod. Beneath the Rhynchonella band, there are 
only 100 feet of the Lipak scries to represent not only tlie lower part of the Lower 
Corboniferous but also the Devonian limestone. In the Lipak area, only thirty 
or forty miles away, the corresponding section measures about 1,000 feet. There 
is thus a remarkably rapid thinninpout of the Lipak beds from east to west, while 
the Po series or Middle Carboniferous apparently disappears altogether. 

At Ruling, seven miles to the north of Muth, a little farther down the Pin 
valley, the same limestone sequence is seen, perhaps in a little greater thickness, 
but otherwise similar to that at Muth. The topmost beds are dark, flaggy lime- 
stones which, like the uppermost beds at Muth, are overlain unconformably by 
the Ruling beds. These flaggy limestones are apparently unfossiliferous, but 
underlying th^m is a limestone very similar to the lowest fossiliferous horizon of 
the middle stage in the Lipak section—the Syringothyris Limestone. The 
commonest fossils are the brachiopods:— 

Produciua {Linoproductua) eora d* Orb., 

_ ft (aemreticulatua group). 


» C. Diener. Pol, Ind., N^w Ser., Vol. V., Mem. 2, 135 (1951). 
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Leptoena anahga (PhilL)^ 

Syringathyria cuapidata Mart., 

Spirifer irigonalia Mart., 

BhynchoncUa davreuxiam de Kon., 

Catnarophoria cf . erumena Mart., 

and with them occur “ Reticularia lineata Mart.,” and Orthothetes (or Derbyia) Bp. 
Below this fossil band are quartzites and hard limestones, which are thicker than 
the corresponding beds at Muth, though thinner than those in the Lipak section. 

A few miles northwest of Muth, in the Parahio valley, the Lipak series and 
the greater part of the Muth Quartzite have been cut out by a fault, but reappear 
further to the northwest, and near the sources of the Spiti river thicken rapidly 
to a broader outcrop. The total thickness of the Lipak series in this locality in 
spite of its large development, is probably less than it is in the type area. The 
beds are crushed and faulted, but a few of the Lipak horizons can be recognised 
including the lowest fossil horizon of the middle stage with large numbers of 
distorted specimens of Productus, Chonetes and RhynchoneUa, and the flaggy lime 
stones near the top of the series. 

From a “ grey, flaggy limestone northwest of Muth ”, Dr. Diener determined 
the following Lower Carboniferous assemblage: Syfingothyris cuspidate Mart,, 
productus (Linoprodu-ctus) Uneaius Waag., P. “ semireticulatus ” Mart., Derbyia 
cf. senilis PhilL, Athyris cf. ** royssii ” L6v., Spirifer cf. strangioagsi de Vern., 
Amboco Elia aff. fusiformis PhilL, Martiniopsis cf. subpentagonalis Waag. Rhyr^ 
chonella confinensis , and R, cf. uoynnei Wagg., (perhaps Eeed^s Rhyn* 

chopora {?) complanata identified in the Middle Productus Limestone.)^ 

KASHMIR 

Rupshu. —In the district of Rupshu (Rukshu), Kashmir, the Lipak series is 
most probably represented in the country to the south of the range west of Hanle, 
by white and dark grey crystalline limestone with interbedded white quartzites; 
these beds underlie schistose fortns of what may be beds of the Po scries. Similai 
beds of calc-schist and crystalline limestone with bands of white <g^uartzite have 
been observed in smaller thickness on the west side of the Moran Lake (“ Tso 
Maraii ” or “ Tso Moriri ”) at its northern end. These limestones and quartzites 
of Rupshu are underlain by slates and schists which gradually become gameti- 
ferous, then felspathic, and appear to pass down into the so-called ” Tso Morari 
Gneiss ”, for the most part a granite intrusion of unknown age but corresponding 
possibly to the Central Gneiss. 

Upper Jhelum Valley.— In the vale of Kashmir above Srinagar, forming 
part of the pitching anticline which crosses the Lidar valley northeast of Islamabad 
the Muth Quartzite is succeeded by the Syringothyris Limestone (Lower Carboni¬ 
ferous) except where the latter is unconformably overlapped by the Panjal Volcanic 
beds. The limestone is overlain by passage beds passing up into the Fenestella 
Shales (Middle Carboniferous), except where the Agglomeratic Slate or the Panjal 
Volcanic traps, the local representatives of which belong largely in all probability 

i Pal. Ind. New Ser., Vol. XXllI., Mem. 2, p. 132 (1943). 
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to the Upper Carboniferous, overlap these shales. In the SLotsu hill the succession 
is seen to be as follows:—^ 


(Feneatella Bories and passage beds). 

Limestoue ..100 feet. 

Quartzites . . 

Thin limestone band V. 300 „ 

Band of trap . J 

Well-bedded, foseiliferouB limestone. 450 „ 


860 „ 

(Hath Quartzite) 

The two most characteristic species collected frcm the main limestone are: 
Syringothyris cuspidata Mart, and Chonetes aff. hardrensis Phill., var. Icashmiriensis 
Lyd. Other forms found are: productus cora d* Orb., P. longispintis Sow., 
P. ** semireticulatus Mart., P. ef. scabriculus Mali,, Chonetes aft, comoides Sow., 
Spirfer cf. bisulcatus Sow., S. cf. cincius de Keyser, Athyris subtilita (Hall), var. 
acutiplicata Dien., Orthis (Schizophoria) aff. resupincta Mart., species of the genera 
Derbyia and Rhynchonella, and a few corals and crinoids. 

Southwest of Islamabad, between Bndil and tie Banilal Pass, Wadia tea 
found a considerable thiciness of Lower and younger Carboniferous beds, folded 
with Lower Cafmbrian strata in a series of open, norma], northwesterly pitching 
anticlines and synclines. Unconformably over the Cambrian beds ceme 3,CC0 feet 
of Syringothyris Limestone, with badly preserved Syringothyris, and other 
brachiopods. Succeeding the limestone are 2,CC0 feet of black shales and quart¬ 
zites and conglomerates of younger Carboniferous age, containing well preserved 
Fenestella, Productus, Sprifer and pecten. It is possible that the Lower Car¬ 
boniferous occurs in other parts of Kashmir also. 

AFGHANISTAN. 

In northern Afghanistan, the Helmand series fills the gap between the Hajigak 
and Fusulina limestones and, in the opinion of Hayden, represents presumably the 
lower and Middle Carboniferous. It consists of an extensive series of slate and 
quartzite in highly dipping beds exposed along the northwest side of the Paglman 
range, in the Sang-lakn range throughout the upper reaches of the Helmand, and 
again the Koh-i-Baba. In places, the slates have been altered by granite intru¬ 
sions into chiastolite-bearing phylltes and occasionally into well defined schists, 
between Gardan Diwal on the Helmand and Jaokul, the series includes a lime¬ 
stone which has been converted by the granite magma into calc-schist or a grey 
saccharoidal marble. On the water parting between the Helmand and Kabul 
rivers, a dark greenish, compact but coarse conglomerate forms a conspicuous 
member of the formation. 

The slate, schist and quartzite, which make up so much of the crest and south¬ 
eastern slopes of the Hindukush, may be a facies of the Helmand series metamor¬ 
phosed by granite; the same tentative assignment applies to part of the slate, 
schist, graphitic schist and quartzite in the hills between Bamian and Saighan*. 

MIDDLE CARBONIFEROUS 

KANGRA AND BASHAHR, PUNJAB HIMALAYA. 

In the Kanawar area of Bashahr, the uppermost limestones of the Lipak series 
are ovrlain by alternating beds of shale and quartzite, which have been designated 
the Po series, owing to their great development in the neighbourhood of the peak 
of that name. In the Lipak river section, the total thickness of the beds is small, 
but below Po, on either side of the Spiti river, it is not less than 2,000 feet. In 


^ 0. S. Middlemise. Bee. XL, 210 (1910). 

* H. H. Hayden. Mem. XXXIX, 25-26 (1913). 
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the lower part of the series shales predominate, but towards the top the two types 
alternate rapidly, the quartzite bands increase in thickness ana become more 
numerous, while the shales become siliceous and gritty and occasionally contain 
thin pebble beds. The sables are usually black, but in the neighbourhood of the 
dykes and sheets of amphibolite and dolerite which have been intruded into these 
rocks they, become reddish, brown and schistose or are converted into hard slates 
and pyritous and gametiferous mica schists.^ The quartzites often resemble the 
Muth Quartzite, but are, of course, younger. The basic trap intrusions have 
been mistaken for bedded flow but, if followed for any distance, they are invariably 
found to cut across the bedding planes of the sedimentary beds; they belong 

P resumably either to the Panjal trap suite or to the much later Cretaceous-Eocene 
>ras Volcanics. The Po series is overlain by the basal Kulings, below which there 
is a stratigraphical gap. Since the Euling system is now regarded as syno¬ 
nymous with the permian, the Po series should approximate to the Middle Car¬ 
boniferous. Neither the Po nor the Lipak series has so far been identified in 
the Himalaya of Eumaon, the overlying Permian beds here resting on a denuded 
surface of the Muth Quartzite or, more rarely, on the underlying limestone. 

Fossils are very rare in the Po series, but in the Po area have been found at 
three principal horizons. The lowest of these is to be found on the left bank of 
the Spiti river, a mile or more above the village of Thabo ; here the basal stage of 
the Po series consists of a band of green shale with poorly preserved plant remains 
which are of especial interest in that they are members of the oldest known identifi¬ 
able flora in India. Among them are sterile fronds or frond fragments of what 
are either true ferns or fern-like seed-bearing plants, one of which has been described 
by Professors W. Gothan and B. Sahni as very similar to Sphenopteridium (?) 
furcillatum Ludf/O,^ having at the same time resemblances to S. dissectumXioepp. ; 
both of these are found in the Lower Carboniferous of Germany. Another frond 
belongs probably to the sphenopterid Ehodea, but a third frond originally compared 
to the Australian jnezj'ut/atora Feist., has been definitely indentified by 

Gothan and Sahni as Rhacopteris ovata (McCoy) Walkom., another Australian 
species. Both R. incequilatera and R, ovata are typical fossils in the uppermost 
of the three stages of the Kuttung series of New South Wales, a formation which, 
on the authority of Stissmilch and others, represents the Middle Carboniferous. 
It is interesting to find a member of the well-known Rhacopteris flora at the base 
of the Po series—an horizon which, accepting the above correlation, cannot be 
older than Middle Carboniferous.* 

Of the other two principal fossil horizons the lower occurs in a black shale with 
concretions. The shales in this Po area are everywhere full of concretions which 
however, have been found to contain fossils only at this one horizon consisting of 
two rows of concretions separated from each other by about two feet of shale 
the fossils are well preserved, brachiopods on the whole predominating. In the 
lower row, fossils are rare and consist chiefly of species of Nautilus^ while the 
upper contains brachiopoda and bryozoa; this double horizon has yielded the 
following:— 

* H. H. Hayden. Mem XXXVI, 46 (1904). ' 

* See W. Gothan ft B. Sahni. Rec. 72,202 (1937); also C. Walkom, Proe. Linn. Poe. New 
8, TFaZes, LIX, 430 (1934), and 0. A. Sfisemilch, Presidential Address, Melbourne Meeting of 
the AuatrdUan and New Zealand Aseoc. for the Advan. of Set., W (1936). Sir E. David’s 
Notes to the Qecdogioal map of Australia (1932), Table D. opp. p. 68. Gothan and Sahni draw 
the boundary line higher up and claim a Lower Carboniferous age for the bed. 
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Bryozoa— 

Benestella sp. 

Brachiopoda— 

Produchis (Buxtonia) scdhricuhis Mart., 

„ {Linoproducius) linratus Waggen., 

Dielas/m ap., 

Athyris (Cle int1iyridlna\ cf. qe.rardi Dien. (f^pecios originally known as “ Sptrigera geradi 
Rfiiicvlaria lineata Mart, {^Sqn/iinularia aaiatica Chao.), 

Spirifer cf. triangularis Mart., 

Gastropoda— 

Plcurotomaria sp., 

Cephalopoda— 

Nautilus sp., 

Orthocp.ras sj),, 

The higliest of tho throo fossil horizons is known as the “ Fenestella Shales*^ 
and contains immense numbers of bryozoa with a few badly-preserved brachio- 
pods, and includes ; 

Bryozoa— 

Protoretrpora ampla Lousd., 

FeneMella a If. pleJma McCoy. 

Brachiopoda—- 

Prodtickis {Striatifcra) undatus Dofr., 

„ ( Hiixioriia) scahriculus Mart., 

,, spitirnsis Dion., 

,, nystianns^ var. loping Me.usis Keys,, 

Canarophoria aff. acuminata Gcinm. 

Lamcllibranchiata— 

Aviculopcct^n aff. htemalis Salt., 

,, aff. morahensis Waa?., 

Myalina aff. rccurvirostris Mock & Worth, 

Poaidonomya sp. 

The su]>])oso(l identity of several of these fossils with leading species from the 
Zewan beds of Kashmir, wliieli arc regarded as ])ro])abIy of Louver Permian age 
was a mistake due to tlu* mixing of forms from the Fenestella Shales with forms 
from the true Zewan ImmIs.- If the base of the Zewan beds corresponds to tho 
conglomerate of Spiti, the survival of the bryozoa n, P rotor etc pom ampla, from the 
Fenest<*l]a Shales up to the Zewan beds, through a j>ostnIated glacial epoch followed 
by one of volcanic activity, is not so striking as was at first siip])oscd, and does 
not involve any unusual stability of tJiis species or its re-immigration at the close 
of the volcanic period. The presence of a variety of Productiis nystianus gives 
the fauna an U])per Carl)oniferous aspect. 

Faulting and disturbance make it difficult to decide as to the relative ages of 
the two higJier of the three prineijial fossil horizons, but it is thouglit that they 
are se])arat(Ml from each other only by a small thickness of rocks ; this surmise is 
confirmed by the fact that near the head of the Spiti river the FenesteIJa Shales 
contain brachiopoda (including Productm scarbricuhts) exactly resembling thosa 
found in the concretionary band near Po. 


* C. Diencr. Pal, Ind., Ser XV, Vol. I, Tart 5,198-199 (1903). 

• H. H. Hayden. Rec. XL, 262 (1910). 
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A fourth fossil horizon is to be seen in the Po area, about 300 feet above the 
Fenestella Shales ; this is a shale band containing fragments of brachiopods and 
bivalves, but all too badly preserved for determination. 

From the manner in which the younger Palsezoic beds thicken again in upper 
Spiti, it is probable that the Po series will be found further to the north in the 
upper Chandra valley of Lahaul; it has been definitely identified in Kashmir. 

KASHMIR 

Rupshu. —Below the crushed grits and conglomerates of what may be looked 
upon as the Upper Carboniferous in the Rupshu district of Kashmir, a series of 
slates and metamorphic schists, occupying country to the east of the Pang-po 
river, probably represents the Po series of Kanawar and Spiti; it is underlain 
by limestones and quartzites which with equal probability belong to the Lii>ak 
series.^ It seems thus possible that the Po series is continuous under the high 
Mesozoic ranges north of the Spiti river to Rupshu where, however, the rocks have 
been greatly metamorphosed. 

Upper Jhelum 'valley. —In the pitching anticline crossed by the Lidar river, 
northeast of Islamabad, the Syringothyris Limestone succession (Lower Carboni¬ 
ferous) is succeeded normally by the Fenestella series, except in places where the 
latter is overlapped by the younger Panjal traps. Where the anticline pitches, the 
outcrop of the Fenestella beds swings round in a broad horse-shoe shape, interrupted 
by a small cross fault. The Fenestella series in its turn is overlain by melnbers 
of the AgglGineratic Slate, except where the latter are also overlapped by the 
Panjal traps. Since the Agglomeratic Slate and Panjal traps are here succeeded 
by beds with Permian fossils, an Upper Carboniferous and Permian age for the 
local sections of the two former is indicated, and probably a Middle Carboniferous 
age for the Fenestella series. 

In the Jhelum valley, the Fenestella series, the quivalent of the Po series of 
Kanawar and Spiti, comprises over 2,000 feet of quartzites, in beds varying from a 
few feet to 100 feet in thicknes, with intervening layers of shale which are generally 
dark in colour and sometimes slightly calcareous.^ It is in the lower part of the 
aeries that these shales are principally developed and carry a rich bryozoan and 
brachiopod fauna, of which Fenestella is a conspicuous member. The lowest 
beds of all, however, consist of a considerable thickness of unfossiliferous quartzites, 
sandstones and shales (Middlemiss' “ Passage Beds ”), The sales and sandy 
ehales of the series posses a rude cleavage and in places approach slates; they 
frequently contain pyrite pseudomorphs. Towards the middle of the series, the 
shales become less conspicuous and, so far as is known, without fossils. Along 
with the shales, more especially in the upper levels, occur ferruginous sandy beds 
which sometimes grade into the overlying quartzites. Not far from the uppermost 
limits of the series, where the beds appear to bo passing up in to the Agglomeratic 
Slate, there is a recurrence of a FenesteUa-hearing horizon, which is separated 
from the lower by 800-1,000 feet of unfossiliferous strata. Occasional trap intru¬ 
sions are seen in the rocks. An interesting fact, noted by Wadia, is the prevalence 
in the ui>pex part of the sequence of black pyroclastic material far below the 
passage of the beds into the overlying Agglomeratic Slate. This occurrence 

»H.H.Ha3rden.ar<m.X!^XVI.98(1904). 

« C. S. MiddlemiM. See. XL, 226 (1900). 





Manual of the GBOiooy of India and Burma, 3rd Edition. 



i;akbonifesods fauna. 

*• l.SyriniothyriscuandataMnt. 4. Didasma 

(Iohn.ton)v.r. r«u»la^ Reed. 


G. S. I.. Calcutta. 


Chap. XX.] 


EXTRA-PENINSULAR GONDWANA 


743 


suggests that the commencement of the volcanic period took place long before the 
•end of the Fenestella Shales epoch 

Many of the fossils, especially the bracliiopods, a^e in the form of casts only 
the following forms Imve been collected from three horizons in the series and 
identified mostly by Dr. Diener 

Bryozoa— 

Fenestella aff. plebeia MoCoy., 

Protoretepora cf. ampla Lonsd. 

Brachiopoda— 

Producius (Strlatifera) undatus Dcfr., 

„ cf. com d’Orb., 

„ “ aem ireticulatus * * Mart., 

„ aff. scabriculus Mart., 

,, lidarensis Dicn., 

,, (Buxtonia) spitiensis Dien., 

,, cf. hnmholdti d’Orb., 

,, dowhatensis Dicn., 

Aulostegea pcrcoaiatus Dicn., 

Orthotichia sp., 

Derbyia dorsoplana Dien. 

Uncinella middlemiaai Dien. (found in the Lower Productus Limestone of the Salt Range,) 
fsyriilgothyria lydehken, (Dien.), 

Bpirifer trigonalia Mart, var., 

„ cf. triangularis Mart. {? Sp, dieneri Tschern.). 

,, {Paeckehmfiella) middlemiasi Dien., 

„ mruna Dien., 

Spiriferina sp., 

Cawarophoria dowlkatcnsis Dicn., 

,, aff. humhletoneais Howse. 

Uncinulua sp. (probably Uncinunellina or Uncinulodes), 

Dielasnta lidarenae Dicn., 

„ hastatum Sow. 

Lamellibranchiata— 

Modiola lidarensis Dicn., 

Rutotia sp., 

Auiculopecten iniddlemissi Dicn., 

,, aff. kokscharoffi de Vern. 

Pteropoda— 

Conularia punjabica Reed (a Salt Range form ; Diener’s “ G, tenuistriaia MoCoy **). 
Trilobita— 

Phillipsia sp. 

Again we find a very large preponderance of brachiopods. Protoretepora 
is one of the few faunistic elements which connect the series with the younger 
Zewan beds. Chorales, which plays a somewhat important part in the Syringo- 
thyris Limestone fauna, and the genus or sub-genus Marginifera, so common in 
the Zewan beds, have not been found in the Fenestella series. Conularia Puu'jabica , 

' Pal, Ind,, New Ser., Vol. V, Mem. 2, p. 61 (1916). To this assemblage may perhaps be 
added: Productus (Striatifera) mongolicus Dien., var. subcircularis Reed, Derbyia cf. stnili 
Phill,, and Chonetes barusiensii Davids. 
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originally described as C- tenuistriata McCoy, is a link with the Speckled Sandstone 
(Up])er Carboniferous) of the Salt Bange. The fauna maintains a highly individual 
character; half the species are new and restricted to the group, and there is in. 
fact little faunistic evidence to show what the age of the beds precisely is. 

The lower portion of the Agglomeratic Slate foimation of Kashmir is probably 
equh'alent in age to the Fenestella Shales and, to be strictly consistent, would 
belong to this section of the chapter. The Agglomeratic Slate, however, forms 
part of the Panjiil volcanics and is best described under the heading of that system 
which ranges from Middle Carboniferous through the PeiMiian into the Upper 
Trias. 

Karakoram. —The prominent peaks of the Skamri range, part of the Karakoram 
watershed, are composed of a thick sequence of white and grey crystalline lime¬ 
stones with belts of interbedded black shales ; these shales in Punmah have yielded 
specimens of Fenestella and are evidently the equivalent of the Fenestella Shales 
of the Kashmir valley.^ 

Other parts of Kashmir.— Hayden suggests that a considerable part of the 
area mapped by Lydekker in Kashmir as “ Panjal ” may, from the descriptions, 
belong to the Po series of shale and quartzite. For instance, the slates, quartzites 
and sandstones recorded on the south side of the Lingti valley, a tributary of the 
Tsarap, appear to correspond so closely in character with the Po beds that they 
may be their northern continuation. In this connection it may be noted that 
Comdaria jmnjabica and SyringotJiyris easpidata, var. lydeJcTceri have been collected 
from a sandstone in the Ladakh valley.*** As already noted, both Lower and 
Middle Carboniferous have been found in the Pir Panjal, between Budil and the 
Banihal Pass ; the latter here consists of 2,000 feet of black shales a nd quartzites and 
conglomerates, containing well-preserved Fenestella, produvim, Spirifer and pecten 
and overlying the Syringothyris Limestone, It is possible that in other parts of 
Kashmir the Lower as well as the Middle Carboniferous is present, for certain 
sections of his Panjal system ” described by Lydekker, in which slates and quart¬ 
zites overlie limestones, recall the Spiti succcvssion.^ As we shall see, near 
Marbal and Kolahoi the Fenestella series has become involved in the local basal 
portion of the Agglomeratic Slate, and has been mapped and described und(‘r the 
latter term. 


AFGHANISTAN AND PERSIA. 

As already recorded, the Middle Carboniferous in Afghanistan is represented 
by the upper portion of the Helmand scries. The Lower and Middle Carboniferous 
of Armenia, the Araxes valley and the vicinity of Lake Urumiya have not been 
found in central Perisa, where the Middle division is represented by 1 GCOfcet of 
sandy beds in the Bakhtiari country, from one horizon of which Sigillair a persica 
Sow., has been collected ; these beds lie upon the Upper Cambrian and are succeeded 
ty 3,0C0 feet of fossiliferous limestones which are regarded as the equivalent 
of the Middle Productus Limestone of the Salt Eange,^ 

1 A. Desio. George. Jowm., LXXV, 403 (1930). 

* 0. Diener. Pal. Ind., New Ser., Vol, V, Mem, 2, p. 64 (1916). 

» H. H. Hayden. Mem. XXXVI, 58 (1904). 

« J. A. Douglas. Pal Ind., New Ser., Vol. XXII, Mem. 0,46 (1936). 



€hap. XX.] 


extra-peninsular gondwana 


745 


UPPER CARBONIFEROUS AND PERMIAN. 

^‘Marker’’ value of the Talchir horizon. —We come now to one of the best 

•defined horizons in the Indian sequence, and one most useful for correlation purposes 
since it marks an important and widespread break between the frreat Dravidian 
group below and the Aryan group above. It is known as IJie Talchir stage and, 
according to the scheme of classification most generally accej^ted, corres])onds 
to the Upper Carboniferous. The stratigraphical section now to be considered 
is that ranging from this horizon to the base of the Trias. The first area to be 
described will be that of the Salt Range, where the strata in question are well 
displayed and received early attention. 


THE SALT RANGE, AND ITS TRANS-INDUS EXTENSION. 

Classification.—In the Salt Range of the Pun jab, there is a stratigraphical 
gap between beds believed to be Cambrian in age and a sandstone series 
including a. boulder bed which corresponds to the tillite characterising the 
Talchir or lowest subdivision of the groat Gondwana system of the Peninsula. 
These boulder deposits, their widespread distribution, and their foreign 
representatives will be discussed more fully in the chapter on the 
Gond^vana system. From the Talchir or Upper Carboniferous epoch to 
the end of the Pcilnian, deposition was continuous in the Slat Range 
area, and there seems, in fact, to have been no extensive break between 
the Permian and Trias. The oldest member of this conformable succes¬ 
sion was distinguished by Wynne as the Speckled Sandstone, a series usually, 
if not invariably, charact(?riscd at its base by the above-mentioned ancient boulder 
bed. When first differentiated, the speckled red sandstones were thougli to be 
confined to the western ])arts of tlic Salt Range ; at the same time a scries of 
gree nish sandstones, designated the ‘‘ Olive group ’’ and containing in what were 
regarded as its u])per parts, fossils of reported Cretaceous age, was thought to bo 
restricted to the eastern half of the range. It was Mr. H. Warth who proved, in the 
first place, that the speckled red sandstones arc definitely ])resent in the eastern 
parts of the Salt Range, though less prominent than they are further west; second¬ 
ly, that the so-called “ Olive group ” consists of two jiortions of widely different age, 
the upper then supposed to be Cretaceous but now known to bo palseocene, the 
lower belonging to the same series as the speckled red sandstones which in the 
cast they in a large measure replace ; and thirdly, that this lower portion, consist¬ 
ing of greenish sandstones, predominates and is more in view in the eastern than 
it is in the western parts of the range.^ Warth’s generalised section need not be 
given, since the sequence has been reclassified by Mr. Gee, Near Makrach, the 
reddish purple and light-coloured sandstones, forming the lower part of Wynnes 
speckled sandstones, apprared to Gee to pass down gradually into the yellow- 
green sandstones of the lower portion of the old “ Olive group which here overlie 
the Boulder bed.® 


® Ree, XX, 117 (1887). 

* Oen. Rep. Rec. LXII, 161 (1929). 
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For the whole sequence now under consideration in the Salt Eange (Uraliani 
and Permian) Gee has proposed the name, Shahpur, a system which he sub-divides, 
as follows^:— 


f (7) Upper Products stage • Maximum thickncs®* 
I 330 feet. 

Products 1(6) Middle p* Cliff Lime- Maximum thickness 
Limestone I Pro- stones.** 480 feet. 

series. -< ductus, < Glossopteris Maximum thickness 

(Permian). ( stage. ^ Beds. dOfe'et. 


Shahpur 

system. 


L (5) Lower Product us stage . Maximum thickness* 

iTOfoet. 

f (4) Lavender Clay stage . • Maximum thiokmss 

200 feet. 

Nilawan series | (3) Speckled Sandstone stage . Maximum thickness 
(Upper ■< 460 feet. 

Carboniferous). | (2) Conularia Beds . • • hfaximum thickness; 

1 80 feet. 

L(l) Talchir Cmiglomeratcs . Maxiimim thicknees 

360 feet. 


The widespread and transgiessive Talohir Conglomerate stage, often spokciv 
of as the “Boulder Bed ”, extends not only throughout the whole length of the 
Salt Range with few interruptions, but is found Also in patches in the trans-Indua 
continuation thereof. The upper limit of the Shahpur foliation, though distinct, 
shows no evidence of the marked erosion which preceded the deposition of the 
basal stage. While the lower half of the system, the Nilawan series, is wholly 
composed of alternating arenaceous and argillaceous sediments, the up])er half or 
Productus Limestone series is mainly calcareous. 

Though fossil plants have been found at two horizons, Gee considers it 
improbable that widespread fresh-water conditions prevailed at any time during 
the deposition of the Shahpur beds. The sequence suggests deposition in shallow 
seas during the first half of the period, and deeper and clearer water suitable for 
the maintenance of a prolific marine fauna during the accumulation of the Productus 
limestones. The absence of the greater part of the Shahpurs in the eastern portion 
of the Salt Range is no doubt due to erosion at the end of the Mesozoic era, and 
there is good reason to conclude that deposition originally extended far beyond 
the present eastern limits of the beds. 


A. Nilawan series. 

The Nilawan series, named after the well-known ravine in winch it is sq well 
exposed—the Nila Wahan (Nilawan)—is prominent in the middle and western 
sections of the cis-Indus Salt Range and also in the Khasor range on the other 
side of the river. In the Nila Wahan gorge. 714feet of these beds have been 
measured by Gee, but above Saiduwali in the Khasor range no less than 925 feet 
are present. It corresponds to the lower half of the power Marine series of eastern 
Australia, and to the Upper Carboniferous or Uralian of Europe. 

Talchir Stage. —The Talchir stage consists of a fine-grained matrix of shale,, 
sandy shale or sandstone, usually olive-green in colour and weathering into 
acicular fragments, through which are scattered blocks of hard rock, ranging in 
size to several cubic feet, almost invariably sub-angular and frequently showing- 

1 Private oommmuoation. The section on the Salt Bange is based largely upon material 
reiy kindly supplied by Mr. E. B. Gee and Dr. F. B. Cowper Beed, in anticipation of their 
respeetive memoirs on that area. 
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faces that have been smoothed, polished and striated in the manner characteristic 
of glacier action; there may be only one such facet or there may be more than 
one. The unfacetted surfaces of the boulders are often seen to be pitted*. Tho 
fragments are composed for the most part of granite, felsite, slate, schist and 
quartzite-crystalline rocks which are absent in the Salt Range and whose nearest 
analogues are to be found 300 or 400 miles to the south in the granites and rhyolites 
of the Erinpura and Malani suites of Rajputana. At Warcha Mandi, for instance, 
the majority of the boulders consist of a biotite granite with quartz and orthoclase 
micrographically intergrown, which might be the Jalor granite of Rajputana, 
and have even closer resemblances to the gra nite of Waloria or that of Danta State ;* 
others may have come from the Tusham area to the west of Delhi, and some are 
very close in composition to the Malani Rhyolite. A boulder from Chel hill is 
made of a rock similar to the Siwana (Malani) granite of Rajputana,® Among 
the rocks of the Kirana hills, which form a small inlier in the great alluvial tract 
forty or fifty miles south of the Salt Range scarp, are a devitrified rhyolite and 
some coarse grained tuff-like types, which show distinct resemblances to the 
material of a few of the boulders in the Salt Range Boulder Bed, but the majority 
of the latter were found by Dr. Heron to be in no way similar to the Kirana rocks.* 
Mixed with the exotic fragments just enumerated, however, arc numerous examples 
derived from the older Paljeozoic beds of the Salt Range itself, more especially of 
the Magnesian Sandstone. On the west side of the Sardahi (Sardi) glen, for 
example, the Boulder Bed, some 40 feet thick, is made up of large fragments of 
the Magnesian Sandstone, a foot or more across, accompanied by a few boulders 
of crystalline rocks'^; from Kusak a scratched boulder composed of the local 
Purple f^andstonc has been collected. 

The evidence, taken as a whole, points to the south ns tlie direction from which 
the bulk of the boulders wore deprived. Glacial though it undoubtedly is, the 
Boulder Bed differs from a typical tillite or boulder clay in the frequently sandy 
nature of its matrix and in its close association in places with fossiliferous marine 
deposits. The boulders of this area appear to have been, for the most part, erratics 
dropped by floating ice, and conditions of deposition wore evidently estuarine or 
coastal. 

Though often less tlian a foot thick this stage is very rarely absent altogether. 
At the eastern end of the Salt Range, on the northwestern face of ,Togi Tilla, some 
six to eight feet of the Boulder Bed with fragmentary plant remains are recorded by 
Wadia occurring in patches on a skin of ‘‘ Salt Pseudomorph shales covering a 
dip-slope of Magnesian Sandstone ; it is succeeded here by 20-80 feet of Num- 
mulitic beds.® Gee has failed to find it a short distance west of Jalalpur, andalso 
in the adjoining Chambal Hill, but noted a thin deposit thereof overlying Salt 
Pseudomorph (Cambrian) beds in the Karangal ridge.^ North of BagJianwaia, 
the matrix of the conglomerates, which are from 20 to 60 feet thick is alternately 
sandy and argillaceous ; the lower part is often purplish red in colour, suggesting 
a derivation from the underlying Salt Pseudomorph rocks ; fragments of the latter 

1F. R. Cowper Reed, G. de P. Cotter and H. M. Lahiri. Hec, LXII, 417 (1920). 

LXlir418 (1929). 

» P. R. Cowper Reed, G. de P. Cotter and H. M. Lahiri Hec, LXIT, 418 (1929); T. H. D. L 
Touche. Mem. XXXV, 90 (1902); C. S. Middleraiss. Hec. XXV, 34 (1892). 

^Hee. XLIII, 233 (1913). 

» C. S. Middlemiss. Hec. XXIV, 22 (1891). 

• Hee. LXITI, 128 (1930). 

’Hec. LXVI, 116 (1932). 
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being sometimes recognisable atoong the pebbles. Westwards, the stage thickens 
and at Makrach is still resting upon the Salt Pseudomorph beds. Between B^ewra 
and Makrach, the stage, which in places is 76 feet in thickness, often includes 
more than one congolomerate horizon separated by greenish-brown sandstones 
and shales. West of Makrach, the Talchir stage oversteps the Salt Pseudomorph 
beds and is directly superposed on the Magnesian Sandstone, tlie next older stage 
of the Cambrian. Wliere it rests directly on the Magnesian Sandstone beds between 
Malot and the Nila Wahan, it is in places found to include numerous angular 
boulders of the latter series in its basal portions. Further west, tbc Magnesian 
Sandstone is overstepped in the same way till in the Nila Wahan (Nur])ur Glen) 
the Boulder Bed rests upon the Obolus Shales, a still older stage of the Cambrian. 
North of Katha (Kattha; Katta), the Bouldc.r Bed, here very thin, rests upon 
the still older Purple Sandstone, from 'which the lower part of its matrix seems 
to have been dorivod.i On the plateau at Vasnal, the conglomerates are well 
exposed, directly overlying the Purple Sandstone. North of Warcha Mandi, 
they still rest on the Purple Sandstone, some of the boulders occurring in slight 
depressions of the upper surface of the sandstone. In the Amb glen rand in the 
neighbourhood southwest of Sakesar excej)t at Chittidil, the base of the Boulder 
Bed is sometimes in contact with the Purjde Sandstone, and often with the Saline 
series®; in the latter case tlie junction is described as disturbed, and the hard 
boulders show marked crushing and shearing in sections ranging over a distance 
of thirty miles along the range.* Near Chittidil, a short distance away from the 
Amb glen, the conglomerates, only a foot or two thick, overlie the Salt Pseudo¬ 
morph stage. In the Amb glen, the conglomerates have increased in tliicjkness 
to 12 or 14 feet and include a few angular pebbles of buff sandstone similar to that 
seen among the strata forming the upper part of the Purple Sandstone series; 
the conglomerates are here succeeded by 12 or 15 feet of dark greenish grey pebbly 
shales, also belonging to the Talchir stage. To the northwest of Chhidni, the 
Boulder Bed lies directly on the Saline series, the junction again being a plane of 
marked thrusting. Northwest of Sakesar, where they overlied the Saline series, 
dark conglomeratic shales predominate and reach a thickness of well over 100 feet 
in some sections, whilst beyond Buri Khel, in the south and west sides of the 
Tradian hills, over 250 feet arc recorded in several sections, and in the Sarin gorge 
north of Buri Biel as much as 363 feet. 

Perhaps the most interesting sections of the Talchir conglomerates are those 
in the southern slopes of the Sakesar ridge, where Mr. Gee found them resting in 
places on the top dolomite stage of the Saline series but transgressing laterally 
on to the red Salt Marl below. The tillitcs here arc often of a dull purple colour 
near the base, and include pebbles of dolomite as well as of granite, quartzite 
and other rocks. According to Gee, the boulders show no signs of shearing and 
the junction has every appearance of being a sedimentary one. Where the Talchirs 
transgress on to the Salt Marl, fragments of red shaly marl, as well as pebbles of 
grey dolomite and very occasionally of gypsum, occur in the basal part of the 
superjacent formation. 

On the other side of the Indus, at Saiduwali in the Khasor range, the Talchir 
congidmerate stage, lying upon what are looked upon as the representatives of 

1 Qtn. Rep. Rec. LXH, 161 (1929). 

* C. 8. MiddlemiM. Rec. XXIV, 22 (1891). 

*Rec. LXIX, 66 (1935). 
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the Salt Pseudomorph beds, is again very thick. The beds comprise from 250 to 
270 feet of fragmentary, purplish, reddish-brown, grey and greenish shales, and 
bands of massive, greyisli green, conglomeratic sandstone. Mr. Gee notes that the 
lower shales contain, in addition to the usual boulders of granite, quartzite and 
other mctamorphic rocks, numerous pe])bles of gypsum and dolomite obviously 
derived by erosion from the underlying beds which hero consist of gypsum, dolomite 
and bituminous shale ; larger boulders of these particular rocks also occur. Some 
fifteen feet above the base of the stage, one large, sub-angular boulder of black, 
bituminous, vesicular, dolomitic shale, exactly like some of the shale in the subjacent 
gypseous group, measured three feet by two feet by two feet; another slightly 
smaller boulder was observed in the immediate neighbourhood. The conglo¬ 
meratic beds are overlain by lirownish-grccn and red sandstones with clays, all 
typical of the sequence in the Salt Range, the corielation being confirmed by an 
examination of the heavy mineral residues by the geological staff of the Burma 
Oil Company. 

Boulders occur at various horizons ljut are said to be more plentiful in the 
upper portioiivS of this stage in the Khasor range ; here, some of the dark grey 
tough shales in the lower portions are reported to have yielded small fragments 
of grass-like plants or leafflots.^ The boulders of these parts arc described as well 
rounded, and compos(‘d chiefly of metamorphic and crystalline rocks, among 
which a granite with a red felspar is common; at Kafir Kot they also include 
dark basalt, limestone, quartzosc and other indurated rocks. The blocks are 
occasionally of considerable size ; some of them are highly polished and .some show 
atriations; by weathering, they give rise to earth pillars. Four small patches of 
the Talchir boulder bed have been mapped along the foot of the Khasor range. 

Conularia Beds. —The Conularia Beds, grading down into the Talchir conglo¬ 
meratic sandstones and shales, indicate the incoming of more regular conditions 
of deposition. ]5etween 50 and 75 feet in thickness, they form an easily recognisable 
group, passing up into the red or purple beds of the Speckled Sandstone stage. 
In the eastern part of the Salt Range, they contain the remarkable Eurydesma- 
Conularia fauna, while in the middle portion of tlie range they have yielded Lower 
Gondwana plants and some interesting bivalves. Predominantly olive-green in 
colour, as Mr. Gee remarks, they rcvsemblc their homotaxial equivalent 
sandstones and shales overlying the Talchir conglomerates of the Peninsula. 

The Conularia Beds make their appearance between the Boulder Beds and the 
Palaeocene in the upper scrap-slopes of the Salt Range, west of Ara, and are well 
seen southwestwards as far as Khewra, the superjacent Speckled Sandstone 
appearing and thickening in a westerly direction. The stage includes olive-green, 
brown-weathering sandstones, some of which are gritty or contain thin pebbly 
bands, and shales, with occasional bands of sandy carbonaceous shale. In the 
eastern half of the range, it has yielded a fauna of extreme interest. This fossili- 
ferous layer consists of a very thin bed of brownish sandy nodules, oval in shape 
and all of much the same size. Many of the nodules, but not all, are crowded 
with specimens of the following forms which, numerous though they are, do 
not belong to more than about twenty-one species*: 


» A. B. Wynne. Mem., XVII, 29 (1880). 

^Indentified partly by Waagen and partly by Cowper Reed (Pah Ind., New Ser, 
Vol. XXra, Mem. 1. p. 28 (1936). 
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Chfttopoda— 

Serpulites unduMua Waag., 

„ warthi Waag.» 

„ iuha Waag., 

Brachiopoda— 

Diaeina sp., 

Diaeiniaca warthi Waag. (close to Diacina kaahmirienaia Day. from the Carboniferous of tho 
Kashmir valley), 

* f^piriftr ^-eapertilio Sow., 

* Mortiniopaia darwini Morr.. 

* Chomtea craeowenaia Ether., 

Ijamellibranchiata— 

* Sanguinolitea cf. mitehelH de Kon., 

,, teniaoni de Kon., 

Nueula sp., 

Paeudomonotia auhradialia Waag., 

Aviculopecten Qi, sefdo&o 2 i;a! Fred, (a Russian form ; Waagen’s ^*A^oi»l%moBformia ICorr,*' 
Compare also A, cunctatua from the Agglomeratio Slate of Kashmir)., 

Gastropoda— 

* Pleurotomaria nuda Dana, 

Bucania warthi Waag., 

Pteropoda— 

* Conularia loavigata Morr., 

„ punjabica Reed (a form found in the Fenestella series of Kashmir)^, 

„ fjoarthi Waag. (found in the “ Permo-Carboniferous ** of Western Australiar 
close to C, qmdrisnlcata Mill, from the Lower and Middle Carboniferous of 
Europe),, 

„ aalaria Reed, (closely allied to C, derwentenaia Johnst. from the “ Permo-Carboni» 

ferous of Tasmania), 

„ chelenaia Reed. 

*=>Australian species, all except one from the Lower Marine series, below the Coal 
Measures of New South Wales. 

A peculiarity of these 21 species is that nearly all of them are of small dimensions. 
By far the commonest types are the Conularia, the next in numbers being the 
specimens of Serpulites. The frequent occurrence of Discina, Discinisca and 
Serpulites points to a muddy beach. The nodules were at first regarded by soriie 
as transported, water-worn pebbles, by others as concretions, but there is much in 
Mr. R. D. Oldham’s final suggestion that both types are present. In favour of a 
concretionary origin are the facts : (i) that the founa is very uniform and represents 
a single geological horizon, (ii) that the nodules are not irregularly distributed but 
are restricted to a very thin layer which is very regular in its horizontal distri¬ 
bution, (iii) that most of the specimens show no unquestionable signs of rolling,, 
and (iv) that in the Chel Hill, Conularia and other fossils have evidently formed,, 
a nucleus for the deposition of carbonate of lime which has hardened the enclosing 
sandstone for a few inches. On the other hand, the nodule band is sometimes a 
thin layer of gravel, which is not the kind of rock in which to expect concretionary 
growth, and, furthermore, some of the nodules show abrasion of the surface and 
turncation of the fossils.* There is little doubt that the bulk of the nodules are 
of concretionary origin, and that some of them at least have been rolled and 

^ It is doubtful whether Waagen'sidentifioation of the Australiaii speoies, Conularia fenui* 
atriata MoCoy is oorreot; possibly a variety of this speoies is present. 

* W. Waagen. Bee, XlX, 25 (1886); B.D. Oldham. Ibid., 127 (1886); W. Waagen. Res* 
XXI, 118 (1888). 
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transported for short distances; elsewhere, the thick, greenish, deeply weathered- 
sandstones enclose considerable numbers of casts of indeterminable bivalves.* 
In some cases casts of both valves of molluscan shells have been found together* 
in the nodules. 

• Some fossils, fortunately discovered in a green sandstone band, occurring some¬ 
times below and, apparently, sometimes above the nodule bed, prove definitely^ 
that the fauna of the nodules is a very close indication of the age of the strata in 
which they occur, for these fossils are regarded by Dr. Cowper Reed as approxi¬ 
mately contemporaneous with those of the nodules, though of a somewhat different 
faunistic facies indicating slightly different marine conditions. They consist of 
the following®:— 

Bryzoa— 

Fenestella (Fenestrellim) fossnla Lonsd. (A. K.) (found in the Upper Marine series of Tas-- 
mania). 

Brachiopoda— 

Diflaima dadamnse Eecd (close to Terthraivla amygdala Dana from the “ Permo-Carhoni- 
ferous ’* of New b'outh Waies and to Dienor’s D, cf. lidarense from Kashmir) (A. K.). 

Lamellibranchiata— 


Avicvlopechn cf. cunctatvs Rccd (species found in Kashmir). 

Palaolima sp. 

Ptcrififa cf. lata do Kon., (A.). 

Nuetdn pidhenais Reed (closely allied to Tcilivontia darwtnl do Ko n. from the “ Permoi- 
Carboniferous ” of 'J'asmania and N. »S. Wales) (A.). 

Paraildodon sp. 

jMoeonia (Cltobia) cf. gracilis Dana, (a variety of the tj’po is found in the Agglomeratic 
Slate of Kashmir ; the type itself occurs in Australia) (A. K.). 

Aatartilu cf, otalia (McCoy) (A. K.). 

(?) salaria Reed (close to Australian forms), (A.). 

Aaiaridla (?) ptTidrwA’i'a Reed, 

,, (?) aimvlana Reed, (comparable with Pachydemva dunai de Kon from Australia)*. 

(A.). 

CardiomorpJta pingvis Reed (K.), 

„ (?) puailla (McCoy) (A.). 

Lichen sp., 

Myalina ? sp., 

Eurydca^iia cordatum Morr. (A.).® 

„ „ var. mytiloidca Reed (probably the equivalent of Waagen’s E, globo» 

anm), (A. K.). 

„ hvhartenae (Jolmst.). var biggener Reed (abundant; tj’pc found in Australia) (A.)* 

„ „ „ var, rotundaia Reed. (A.). 

„ dcmissvm Reed (resembles E, ellipticum Dana from Australia) (A.). 

„ pnnjabicum Reed (cf. E. cordatvm var. atthquadraia Reed, and Jf. cordatvm,. 

var. compressa Reed from Kashmir) (K.). 

»t pvnjabicvm var. clongata Reed, 

„ aubovatvm Reed probably equivalent to some of Waagen’s E, elUptievm), 
tf oequale Reed, 

obacurum Reed (much resembles Pachydomua gigaa Me Coy from New South- 
Wales) (A.). 


1 A. B. Wynne. Mem. XIV, 104 (1878). 

* P. R. Cowper Reed. Pal, Ind,, New Ser., Vol. XXIII, Mem. I, p. 4 (1036). 

® The indentjfication by "WaAgen of the two Australian ^ecies, E, globoaum Dana and E ». 
•Uipiieum Dana, among the fossils from the Eurydeatna bed of Sandowal is questioned by Cowper- 
Beed. 
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Eurydesina avhohiliquum Eced, (of. E, globoaum from KaRhmir ; type found in Australia) 
(A. K.). 

„ pertenue Reed, 

,t amygdalinum Beed, 

M perveraum Boed. 

A. forms indentioal, allied or comparable with species from Australia. • 

K. forms indontical, allied or comparable with species from Kashmir. 

Considering the collections from the nodules and from the adjacent sandstone 
-as one fauna, the most noticeable point about it is the very large proportion of 
species which are indentical or comparable with forms found in the upper part of the 
liOwer Marine series of New South Wales, a stage which there is good reason for 
placing at the top of the Upper Carboniferous. The presence in both cases of 
large boulders of foreign rock exhibiting distinct glacial smoothing and striation, 
embedded in fine-grained silt, makes the correlation definite and incontrovertible. 
In Australia, Eurydesina, that curious lamellibranch genus which has so far not 
been found outside Australia, South Africa, Argentina and India, characterises 
two distinct stratigraphical horizons, one containing E. hobarlense and occurring 
below the Gangamopleris horizon, and the other containing E, cordatum and occu¬ 
pying a higher position in the Lower Marine series.^ Cowper Reed suggests 
that, while the Salt Range Eurydesma and ConuZanazoneis the equivalent of the 
E. Jiobartense horizon of Australia, the Kfishmir occurrences correspond to the 
higher E, cordatum horizon. In South Africa, where we also find strikingly close 
resemblances, Eurydesma (Eurydesma glohosum) is typical of the Upper Dwyka 
Shales ; in South-West Africa, the dark shaly “ Eurydesma Beds as they have 
been called, as well as the associated Boulder mudstones, contain calcareous phos- 
phatio concretions which have yielded species of Conularia, Aphanaia and Ortho- 
ceras and the remains of fishes.^ 

In the hills north of Khewra, Gee has found large blocks of silicified fossil wood 
of indeterminable relationship in the greenish grey sandstones of this stage. 

Near Katwahi (Kathwai), in the middle of the range, the Conularia stage was 
found by Gee to include some dark grey and black carbonaceous shales containing 
well-preserved leaf impressions and spores of Glossopteris, Gangamopleris and other 
Lower Gondwana plants, along with a few small lamcllibranchs believed to be 
related to certain South African forms. The spores, which are winged have been 
examined by Miss Chinna Virkki who has recognised two species, similar to spores 
found in the Australian equivalents of the Lower Gondwanas and closely associated 
with Glossopteris leaves ; the spores from Katwahi resemble Pityosporites sewardu^ 

The lamcllibranchs, as determined by Dr. Cowper Reed* are 

Paloeomutela of. oblonga (Jones) (species found in Tanganyika and Nyasaland), 

of. ntgleda (Jones) species found in Tanganyika; very close to the Bussi 
species, P. keyaerlingi Amal.), 

„ of. aubparallela Amal. (a Karoo species), 

„ of. rectodmta Amal. (species found in Tanganyika), 

„ (f) aingularia Beed. 

^The higher is assigned by David and Sussmiloh to the Lower Permian, though some authot- 
^ities prefer to retain both horizons in the Uppor Carboniferous. The specific differences between 
Ewrydeama cordatum and E, hoharteTiaa have recently been questioned. 

* A* L. Du Toit. Geology of South Africa **, 2nd. Kdn., pp. 248, 298 (1939). 

* Proc, Ina^ Acad* Sei., VI, No. 6, Sect. B, 428-431 (1937). From these bedsalso cime 
^n^sumably Samaropaia sp., Cordaiearpua sp. and a new species of Otokaria {Joum Ind, Bo 
Boo., Xntl, 202 (1940)). 

« Bee. 74,474 (1939). 
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Palccanodonia saJaria Amal, (closely resembling P. ef. fiechert Amal. from the Martaban, 
district of Burma, and Anthracomya buUula Bolton from the Lancaeshire Coal Measures).. 

Carbonicola (?) indica Rccd (close to 6\ angvlala do Ryckhot dnd C*. similis Brown, both 
from the Donetz basin), 

Carbonicola (?) semicUipfica Reed, 

„ (?) reemdita Reed (closely rcs(‘mbliiig C. oslancis Wright a iid C. siwilis from. 

t,h(5 British Coal Measures), 

Carbonicola (?) k(tihtuait:,nsis Reed, 

Anthracomya shahpurensis Reed (almost identical with A, pruvosti Tscherii, from the 
“Barren Red Measures'’ of Clydesdale, Scotland), 

Anthracomya subgnadrata Reed, 

Anthraconautapunjabicallced (roscmbling A,scoiica (Eth. junr.) from the British Carboni¬ 
ferous), 

Anthraconauia tenuistriata Reed, 

Cythrella sp. 

Owing to divergence of opinion regarding the specific reference of many specimens belonging 
to the genera Valmomnlda, Carbonicola and Palc&anodonla in Europe, Africa and China, 
and also because of our ignorance of the internal characters and dentition of the Salt 
Range forms, they cannot be accepted as showing any precise stratigraphicnl horizon ; 
their presence, however, docs not conflict with the deduction of an Upper Carboniferous 
age. 


It is interesting to record the presence, in the basal Boulder bed of the Nila 
Wahan, in the western half of the Salt Range, of a very small proportion of pebbles 
of a soft bluish rock, some of which have yelded specimens of Conularia, Serpulites 
and other fossils.^ 

Speckled Sandstone. —Commencing in the cast, to the northeast of Khewra, 
the )Specklocl Sandstone stage is seen underlying uncomnformably the basal Tertiary 
(PaJa30cene). At first only the lowest beds are present, but higher horizons make 
their aj)pearanco as the beds are traced westwards to Makrach and malot, the 
stage steadily increasing in thiekn(‘ss and becoming overlain by Gee’s “Lavender 
Clay stage’’. The iSpeckled Sandstone beds arc well developed throughout the 
middle and western sections of the Salt Range and are again prominent in j)arts 
of the Khasor range on the otlicr aide of the Indus. From about Si) feet north of 
Khewra, tlicy increase to over 150 feet in the Makrach area, to over 200 feet in 
the Sardahi (Sardi) gorge, and reach a maximum of 464^ feet in the western slopes 
of the Nila Walian. Furtlicr west, the tiii(!kiu.‘ss varies between 200 and 300 feet, 
but the soft (days of tJie foiluation appear in several places to have been sejueozed 
out by faulting, and tlie reduction in thickness seems attributable, partly at least, 
to faulting and shearing. At Saiduwali in the trans-lndiis area, Gee has measured 
426 feet.' 

The Nila Wahan section which is typical of the stage, is described by Gee as 
follows:— 

(Lavender Clay stage 190 feet). 

Massive, comparativtdy soft, speckled bandstoiics, altornating with dark red 
and chocolate-coloured clays, with some dark purple clay bauds near 
the top ............ 195 feet 

Massive, soft, pinkish, dirt}'^ gri* 3 '^ and reddish sandstones, often gritty and 
including small pebbles ebb fly oT white and pink quartzite, with 
tbbi bands of red and buff shaly sandstones and shales .... 125 ,, 

Dark red and chocolate-coloured clays, with a 9-foot band of massive, pinkish 

sandstone in the middle ......... 139 „ 

Dark chocolate-red saiKlstones, some gritty, others argillaceous and flaggy, 
with dark red and greenish alia Us.»» 


464 

(Olive-green sandstones of the conularia Beds 60 feet). 


>fl. Warth. Bee., XX, 117-119 (1887). 
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Bipple-marking and current-bedding are sometimes prominent, and certain 

the coarser sandstones are felspathic and have an arkosic appearance. A charac- 
'teristic feature, in which they resemble some of the Barakar and Mahadeva sand- 
-etones of the Central India Gondwana, is the projection from the weathered surface 
-of numerous small wart-like concretionary knobs, an effect due to a local concen¬ 
tration of the calcareous cement. Some of these coarse sandstones include small, 
sub-angular pebbles of red and white felspar, along with more rounded pebbles 
of quartzite and other metamorphic types and of igneous rocks. Most of the 
sandstones belonging to this stage are definitely softer than the Purple Sandstone 
lower down in the Salt range succession, but some of the harder, dark red types 
among the Speckled Sandstone beds can be matched in the older formation. 
Ttfiddlemiss, speaking of the Sardahi glen section, notes that the sandstones of the 
series are fine-grained in the lower j)arts, the grains of sand being always angular 
or sub-angular. The higher horizons are very coarse-grained and conglomeratic, 
-with angular or sub-angular pebbles.^ The smaller pebbles are composed chiefly 
of vein quartz and a compact red felsite, the large ones chiefly of the red felsite ; 
the pebble material also includes the Magnesian Sandstone and a dark quartzite, 
"but none of the coarsely crystalline red granites so common in the basal boulder 
1)od. The conglomeratic character of the series increases towards the west. At 
'Pidh (Pid), the red sandstones contain petrified wood, and brown nodules, some 
•three inches thick, with crystals of calcite, barytes and other minerals inside.® 

Lavender Clay. —The Lavender Clay stage comes in near Malot and thickness 
•rapidly westwards in the Sardahi gorge and the Nila Wahan, attaining a thickness 
of 190 feet in the latter. Westwards, it persists throughout the range, never exceed¬ 
ing to any extent this figure, and often becoming much thinner as a result of shear¬ 
ing or of collapse of the overlying Products Limestones. At Saiduwali, across 
•the Indus, about 150 feet of strata are assigned to this stage. 

The stage is described by Gee as consisting largely of dark purple, bluish-green 
^nd lavender clays with very subordinate sandy shales and standstones. The 
lavender and purple clays include in places small nodules of copper pyrites which 
weather out on the surface after periods of heavy rain. Thin flakes of gypsum 
■occur and yield rapidly to the weather. In the upper part of the stage there are 
found occasional bands of white argillaceous sandstone containing a few fish scales ; 
also high up in the sequence a band of purplish red chert, ranging up to about 2} 
feet in thickness, is seen in places. Stringers of carbonaceous shaly material, 
sometimes with indistinct plant remains, are not uncommon. The passage up 
into the Lower Productus beds is quite conformable. 

B. Productus limestone series. 

Distribution and classification. —The Lavender Clay stage of the western half of 
the Salt Range passes up into a thick series of beds which are absent in the eastern 
half, and have long been known for the wealth of the fossil remains they contain. 
These beds of the Productus Limestone series form widespread outcrops, parti¬ 
cularly in the lower complicated plateau areas to the north of Kund, Jabbi (Jabi) 
and Warcha. In the east, they appear to have been completely denuded away 
•towards the end of Mesozoic times. They make their first appearance in the fine 

»C. S. Middlemias. Sec,, XXIV, 22 (1891). 

.*H. Warth. Bee., XX, 118 (1887). 
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•cliffs on the west side of the Nila Wahan, where the Lower Productus beds come in 
conformably above the Lavender Clay stage and increase in thickness westwards. 
The Lower sub-division alone is seen near Pail where it has been thrust over Tertiary 
Leds (Kamlials). Further south in the Kalra Wahan, north of Katha, the Middle 
■division comes in and attains a thickness of 250-300 feet, while further to the 
southwest the Upper sub-division appears north of Jabbi in the form of softer, 
fossiliferous, green sandstones and impure limestones, some lo0-200 feet thick.' 
The most extensive sections if the series occur in the Son plateau where all three 
sub-divisions are present. In the upper part of the Nursinghpur gorge, the Pro- 
ductus Limestone has been overfolded. Along the south side of the Sakesar ridge 
and in certain sections of the more westerly portions of the range, it is disturbed by 
complex fold faults and overthrusts, but to the north of Warcha Mandi, in and 
above the Jarhanwala ravine, a complete section of the formation, some 700 feet 
thick, has been examined and described in detail by Cowper Reed, Cotter and 
Lahiri*; further west the series thickens to about 850 feet in the vicinity of Chhidru. 
A fine section of the Middle and Upper stages is exposed in the Nammal (Namal) 
gorge (the ‘‘Bakh ravine’* of Wynne) near Musa Khel, and of the Lower stage 
in the foothills a short distance to the south. The thickness exposed in the Nammal 
gorge is about 710 feet; by adding to this a further 180 feet for the Lower stage 
which is not exposed in this section, Gee arrives at a total maximum figure of about 
900 feet for the whole Productus Limestone series, a figure far in excess of 
Wynne’s estimate. 

Further northwest, the series is well represented in the Tredian hills but dis- 
;appears at Khairabad. On the other side of the Indus, the upper half of the series 
is seen near Kalabagh and, according to Wynne, as four small isolated patches 
in the Maidan range along the foot of the scrap. A wide continuous outcrop covers 
the greater part of the Khasor range, where it is well developed and similar litholo¬ 
gically to its exposure in the western part of the cis-Indus Salt Range ; Gee estimates 
the thickness of the series at Kingriali to be at least 750 feet. An anticlinal inlier 
is seen to the south of Paniala, and a small patch at the base of the Sheikh Budin 
49crap in the Marwat (‘‘Mohrut”) range behind the Khasor. 

The limestones of this formation form noticeable scarp features which, however 
are less regular than the scarp of the Nummulitic Limestone above. Many of them| 
are magnesian, but as we ascend in the succession, they tend to become purer, 
an effect, presumably, of the more complete transgression of the sea in which they 
were deposited ; the upper horizons include arenaceous and marly strata, and are 
«aid to pass up without any visible break into the Ceratite beds of Triassic age. 
No sigh of unconformability can be detected among the Productus Limestone beds, 
though Gee utters the warning that certain junctions within the sequence may 
possibly represent time intervals ; some of these appear to be less transitional than 
the passage up from the Lavender Clay into the Lower Productus beds. 

I Waagen introduced a number of stage names for a further sub-division of the 
Productus Limestone formation, but these are impossible to follow in the field 
even if they have suflioient significance and palaeontological individuality to 
justify their creation; they are mentioned in brackets below for ready reference 


'H6c.,LXVI, 116 (1932); Qen. Rep. Rec., LXVII, 63 (1933). 
•JB<e.,LXII,421 (1929). 
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since they have been widely used in various publications, 
is placed beside them :— 


Oee’s classification 


*(Ghidru beds) 

(Jabi or Cephalopod beds) 
(Khundgbat beds) 

(Kalabagh beds) . 

(Virgal beds) 

(Katha beds) 

(Amb beds) 


>Upper Productus stage . Maximum thickness 330 feet. 


i: 


Middle Productus stage . 


1 


The bed immediately below the ffZossoptem-bearing carbonaceous shales is 
a hard, regular, easily recognisable, brownish dolomitic limestone, standing out 
from the hill-slopes. The carbonaceous shales are often hidden beneath the scree 
of the overlying limestones and 'sometimes show a lithological transition into the 
latter. The top of the Cliff Limestones is marked by a thin, marly, highliy-fossi- 
liferous bed crowded with specimens of large Productus. This is a capped by the 
softer, gentler-sloping Upper Productus beds, the base of which is often a dull 
green sandy shale, up to 12 feet in thickness and sometimes carbonaceous. The* 
top of the Upper stage is a comparatively hard, usually brownish, calcareous 
sandstone, or limestone, to the upper face of which the flaggy, grey Ceratite lime¬ 
stones of the Trias firmly adhere. 

Lower Productus Limestone.—Tn the Lower Productus stage, pure limestones 
are subordinate, the prevailing bods being arenaceous limestones and calcareous 
sandstones, with some shales and sandy shales which are often carbonaceous. 
The basal beds are full of fossils and in this feature contrast strongly with the 
lithologically not very dissimilar beds of the Speckled Sandstone, in the upper part 
of which no fossils have been found. The calcareous element in the Lower Productus^ 
stage increases generally from below upwards. 

As a much crushed outcrop, the Lowere stage occurs between the Nilawan series- 
and the Nunftnulitic rooks of the southwestern side of the Vasnal inlier on t he 
plateau northwest of Nurpur. It reaches its full development of ,130-170 feet ; 
at Katha and retains its thickness wostw«T.rds. Ir is exposed in a nut^t^r of #^bn3> 
in the Tredian hills and is readily recognisable in the Khasor range abroi^thh ^du|. 
where it overliess the Lavender Clay stage of the Nilawan series ; ife 
above Bilot is estimated by Gee at 150 feet. The fauna of the Lowjsr Prpductus 
Limestone is given in the following pages. 

Middle Productus Limestone.—The Middle division of the Prodtu^^I 
aeries is the most conspicuous, owing to the rugged and precipitofil^Kc 
dissected plateaux to which its higher member gives rise in the West^*-1 
of the range. The beds make their appearance northeast of Katha, thickei^rapid 
westwards and are well exposed in the principle gorges. Their fauna is listed 
the following pages. 

The Lower Oondwana Plant beds, first found by Reed, Cotter and LahH 
the Jarhanwala section and afterwards by Gee near the exit of the Dhodha Wa^D 
below Sakesar as weU as in the Golewali gorge, include carbonaceous shalesj. sand¬ 
stones and impure limestones, and are often obscured by scree. At their thickest' 
they are from 45 to 50 feet thick. 

The Cliff Limestones swell to 120 and 150 feet in the main Katha gorge and, 
by additions to their top, to 240 fwt in the Lunwala gorge north of Nali; in the 
Ctolewali gorge and the neighbourhood of Chhidru they have increased to about 


Lower Productus stage 


^Cliff Limestones; maximum:. 

I thickness 480 feet. 

I Glossopteris beds; maximum. 
L thickness about 80 feet. 

Maximum thickness 170 feet. 
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S60 feet and reach a HQiaxiiaam of 4S0 feet in the Nammal gorge. Further north¬ 
west, the G1i£FLimestones form precipitous outcrops in ceveral gorges in the Tredian 
hills and display an estimated thickness of about 400 feet. These beds are mainly 
light grey in colour, but are sometimes white, cream or purplish in tint. For 
the most part they consist of very pure, fine-textured, crystalline limestone, but 
subordinate marly and dolomitic varieties and occasional flaggy sandy bands also 
occur. Certain horizons are full of fossils, which are usually difficult of extraction, 
the very numerous specimens obtained having been derived mostly from the 
interbedded marly layers. Some of the white and cream bands are crammed 
with crinoid stems. Corals are common and in places are seen to have ac cumulated 
in great reefs which show no traceable bedding. Silica is present in varying quantity 
and sometimes forms large flinty concretions ; it is more prevalent in the higher 
portions of the stage where the fossils are often beautifully silicified, especially 
at Musa Khel. The top of the Cliff Limestones has been found, by Gee, often 
to include a thin marly, highly fossiliferous bed crowded with large Productus. 
In the trans'lndus area the Cliff Limestones are widespread and well developed in 
the Khasor range, reaching thicknesses of 500 to 400 feet. 

Upper Pro ductus Limestone. —The Upper Productus stage appears first in the 
scrap slopes northeast of Kund, and increases rapidly in thickness to over 170 
feet southwest of Katwahi, to 290 feet in one of the branches of the Golewali stream 
and to a maximum of about 330 feet in the Chhidru area.' In the Nammal gorge 
and the Tredian hills, thicknesses of the order of 225 feet are seen, and the satge 
is well developed in parts of the Khasor range on the other side of the Indus. 
The upper stage is made up of comparatively soft beds, usually forming gentle 
slopes, and often capping the dip slopes of the Cliff Limestones. The basal bed is 
frequently a dull green, sandy and sometimes carbonaceous shale, up to 12 feet 
thick. The rest of th< sequence is made up of calcareous sandstones, marls and 
harder limestones, with bands of greenish or brownish sandy shale; nist- 
colourod, ferruginous dolomites are also present. Like the Middle, the 
Upper stage is impregnated with silica, and the abundant fossils are always sili- 
cified, though in most cases only on the inner and outer surfaces of the shell. 

Fauna of the series.—The Productus Limestone has long been known for the 
wealth of organic remains found therein, and for the association, especially in the 
Upper division, of ammonoids of Paleozoic type with brachiopods. The profuse 
fauna of this formation has been the subject of several publications', the latest 
of which is from the pen of Dr. Cowper Beed. 

The following lists* refer to collections made by Mr. E. R. Gee and determined 
by Dr. Cowper Beed, supplemented by forms determined by Dr. Waagen and 
recognised but not redescribed by Dr. Cowper Beed (marked **R”) and by recent 
cbllections from the Warcha area formerly described and recently corrected by 
Dr. Cowper Beed (marked*); unrevised determinations by Waagen are so indicated . 

'P. Noetling. Ntues Jahrb.f. Min. Qeol. v. Pal. Bd., XIV, 369-471 (1901). 

»W. Waagen. Pol. Ind., Ser., XIII, Vol. I (1879) and Vol. IV (18891891); F. B. Cowper 
Beed./6»d., New Ser.,XyiI(1931); Pee., LXII, 422 (1930); Pol./nd.. New Ser., XXIIl, Hem. 

2 (1944) and E.B. Gtoe’a memoir (manuscript) on the Salt l^nge. 

'Compiled with the assistance of lists very kindly supplied by Dr. Cowper Reed, pending 
the publcaton of his memoir. Judging from the discrepancies in the precise provennce 
of ieveral of the species between Dr. Cowper Beed’s lists (based on Mr. dee’s collection) 
and those of D.Waagen the Geological horizon recorded by the latter authority—lower, middle 
ro upper sub-division.—is not always correct, even after allowance is made for the different 
limits of these sub-divisions adopted by Dr. Waagen and by Mr. Gee. See Pal. Ind,, New 
Ser.Vol.XXIII,Hem.2(1944) ;lbid., Vol. XVII (1931) Ser. XIII, Vol. j (1S79-1S87) 
and Vol. IV (1889 and 1901). 
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LoiiOr Prodocte LfaneslaiM« 


Poraminifeni— 

* JhufUina (Parafusulina) kaiiaensU Sohir., 

* t, (ScheUufUnetta) Umginima Moll. 


Orinoidea— 

* Oyaihoerinua sp., 

Bfyosoa— 

* Pciypora aykeai de Kon., 

* CMniUtUa gp., 

* Domopofa (?) ambiqua Reed, 

* dftenopora ovoto Lonsd., 

Termea^ 

* Spirorbts Mix King. 

Braohiopoda— 

Ortihia (Sekizopharia) indiea Waag., 

R* M (Phipidofnella) inciaiva Waag., 

* „ of. peeoai Maroon (apicea found in Ohina), 

OHMiehia morgani Derby (found in Bolivia), 

,, biatriata Reed, 

SirtpUjfhynchua miatua Reed, 

R. ,, capvloidea Waag., 

B. „ Unticfularia Waag., 

„ {8(bucharUila) praacepa Reed, 

Derbyia burienaia Reed, 

„ ,, ,, var. dtWaa, Reed. 

,, of. buehi d’Orb. (apeoiea found in S. Amerioa, Tezaa, Ruaaia and Periaa), 
R. Producta {Dictyodoatua) apiralia Waag., 

,, ( „ ) ,, var., fedoeto Reed, 

„ ( ,, ) of. leplayi de Vem. (aepoiea found in Ruaaia), 

',, (BaxUmia 7) of. yabei Freoh (apeoiea found in China), 

„ {Taanioiherua) nofabilia Reed, 

„ ( „ ) cdUrip Reed. 

,, (OverUmia ?) mdia Reed, 

Marginifera quadraia Reed, 



99 

veatita Reed, 


99 

jtrotraeta Reed, 


99 

premuntia Reed, 


99 

khairliena Reed, 

B. 

99 

tranaveraa Waag., 


99 

,, „ var. baralanaia Reed, 

R. 

99 

achintOa WaMg.p 


99 

„ var. eognata Reed. 

R. 

99 

cvalia Waag., 

B. 

99 

excavata Waag., 


99 

of. Mica (Abioh), (apeoiea found in Armania)i 


99 

of. momn Chao (apeoiea found in China), 
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BraohiopodA—coftM. 

Sirophaloaia JUmispinosa Beed, 

(T Etitrahsia) nodoaa Wasg., 

99 » $9 var. Reed, 

•• p. Licosa Waag., 
iSeterahaia) tmuiapina Waag., 

( M ) sublamdlata Reed, 

{Bilotina) subtecta Reed, 
{8trophalo8iina)eoatata Waag., var. 

subrotunda Reed, 

Aulosteges wangenheimi de Vern., rar. rostrata Reed, 

„ medlicottianus WMg., 

,, trimuensis Reed, 

„ wynnei Reed, 

„ virilis Reed, 


R. 

R. 

99 

99 

99 

99 


Chonetes earhonifera Keys, var. vialis Reed, 

„ (Paechdmannia) ambiensis Waag., 

Chonetdla (7) indiea (Waag.) 

Pugnax {Pugnoides 7) iantillus Reed, 

Bhynehopora of. variahilis Stuckenb. (species found in Russia and Nora Zemba), 
Terebratuloidea omata Waag., var. uniplicata Reed, 

Bielasma trimuense Reed, 

„ nezile Reed, 

, , plica (Kut.) var. arcwUa Reed, 

,, truncaium Waag., yar. misrikhanensis Reed, 

„ hochstetteri (Toula) (found in Boliyia and Persia). 

„ „ , yar. personato Reed, 

„ •» f yar. semicarinata Reed, 

„ vicinale Reed, 

„ juresanense Tschern. (found in Russia). 

„ amhiense Reed, 

,, sultanese Reed, 

,, subelongatum Grab ., yar. kundensis Reed, 

,, of. moelleri Tschern. (species found in Russia and China), 

„ cf. darvasicum Tschern. (species found in central Asia), 

„ ( 7) ovoidale Reed, 


Eoiothyris praelecta Reed, yar. naruensis Reed, 

„ lochardi Mansuy, yar. oviformis Reed {forma typica found in Indo-Ohina), 

Didasmina perovalis Reed, 

Bemiptychina (7) inflata Waag., 

99 (7) amygdala Reed, 

„ ,9 {Beecheria) duhlaevis Waag. (perhaps a yariety, of S, himalaysn), 

Hustedia indiea (Waag.), yar. baraUnsis Reed, 

,, sulcata Reed, 

UneineUa paucicostata Reed, 

„ middlemissi Dien. (found also in the Fenostella beds of Kashmir), 

R. Spirifet {Neospirifer) mareoui Waag. 

,, ( „ ) 99 9 var. undata Reed, 

„ ( „ ) trimuensis Beod, 

,9 { ,9 ) 99 9 var. transvecta Reed, 

„ ( ,, ) cf * orientalis Chao (probably equiyaleut to Waagen’s 

striatw**; 8* orientalis occurs in China), 


18 a 
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jBfmchiopedar-eonld^. 

Spirifer (Neoapirifer) camaraiua Mort.» rar. eurta Reed (/orma typiea an American 
BpecicB), 

f 9 ( M ) cf. himaari (Bion) (species found in the Agglomeratic Slate of 

Kashmir), 

,, ( „ ) cf. aubfaaciger Lich. (species found in Rubsia), 

„ (Spiriferella) cf. saranat de Vern. (species found in Russia), 

„ (Paeckelmannella) varuniformia Reed, 

„ ( ,, ) middlemiasi Dien. ,yar. hipUeata Reed {forma typiea found in 

Kashmir), 

M ( *• )nigerWa.Ag., 

„ ( ,, ) ft f var. devia Reed, 

„ ( ,, ) „ , var. protraeta Rood, 

„ (Choristitea) cf. gortanii Heritsch, (species found in Alps), 

Martinia aemiglohoaa Tschern. (found in the Urals), 

Mentzelia nalienaia Reed, 

R. Martiniopaia aubpentagonalia Waag., 

Sguamularia {Neophricodothyria) baralenaia Reed, 

„ ( „ ) M »var. auborbicularia Reed, 


B. Spiriferina vercherei Waag. 

,, {Spiriferellina) aubcriatala Netsch. (found in Russia), 

,, ( „ ? ) 26 u;aaenAM Dien (found in the Zewan beds of Kashmir), 

„ ( „ ) oaquiplieata Reed, 

B. Athyria {Cleioihyridina)) acuiomarginalia Waag., 

,, ( f» ) semtconcava Waag., 

„ ( „ ) »» »var* dokrienaia Reed, 

,, ( $9 ) tt f fumida Reed, 

„ ( „ ) tt p var. eurta Reed, 

„ ( f> ) ft > var. medioplicata Reed, 

„ ( It ) roiaayana Keys, (a variable species, found in Russia and Spitz* 

bergen), 

„ ( t> I ) globulina Waag., 

,, ( „ ) epigona (Abich) (found in Asia Minor), 

„ (Compoaita) ghbularia Phill, var. miarienaia Reed, 

„ ( „ ) pt 9 var. eraaaa Reed, 

„ ( „ )„ 9 var. naruenaia Reed, 

B. Spirigertlla numiamalia Waag. 

„ „ , var. lotiga Reed, 

Lamellibranchiata— 

ParaUelodon trimuenaia Reed, 

SangUinoUtea (?) aphenoideUia Reed, 

OirtypeeUn ehitraUnaia (Reed), 

^Aphanaia aalinaria (Reed), 

Pseudomonotia (Claraia) cf. vfangi Patte T (species found in Indo-China), 

„ {Avietdomonotia) indiea Reed, 

Anodontophora eonjungena (Waag.) 

„ purdoni Reed, 

Gastropoda— 

PUurotomaria (CyeliUa ?) sp., 

Murehiaonia (Olyphodeta) of. taehemyaehewi Jak. (a cast; species found in Rus^tia); 

' Meehoapira of. acuminoto (Goldf.) ( a cast; species found in China). 
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Gastropoda— wiUd, 

LoxoMma sp., 

SoUniacua cx. aymmetrieua (King) (a east; spooies found in Great Blit un)f 
Sirophoatylua aargcHanaia Reed, 

Euphemua earbonariua (Ooz) (a well-known Amirioan species). 

J?. Diapharoatoma indicum (Waag.) (Waagen’s **Plalyaioma iniicum'*), 

B, Warthia hreviainuata Waag., 

Cephalopoda— 

Tainoearaa eomptum Reed, 

„ dabUa Reed, 

„ trimuanaa Reed, 


Pisees— 

* Halodopaia sp. 

UlTBlV'ISaD DaTBBSCIirATlOirS. 

Margariiina achwageri ZUt., rar. (Amb beds), 

FuauUna pailenaia Schw. (Amb beds), 

Polypora vermieularia Waag. and Piohl. (Amb beds), 
Monotrypa maatoidea Waag. and Wentz. (Amb beds), 
Orbipora ambienaia Waag. and Wentz. (Amb beds), 
Sienopora hemiapKodrica Waag. and Wentz. (Amb beds), 
AtMyaiphoneUa veaiculoaa de Kon., 

Dybowahidla grandia Waag. and Wentz., 

Cyatboerinua indieua Waag., 

,, hattaenaiaWaag,, 

Sarpulitea indieua Waag. (Amb beds), 

Spirifer alaiua Schloth., 

Cardiomorpha indiea Waag. (horizon uncertain), 
Dolabra arcina Waag., 

Avieulopacian erebriatriatua Wang,, 

Bueania kaitaenaia Waag,, 

Avieulopactan erebriatriatua Waag., 

Bueania hattaenaia "Waag,, 

Buphamua lentieularia Waag., 

Haloiopaia abbraviata Waag. (Amb beds). 


Hidolb Pbodoots Lizsbto Txm . 


Pbraminifera— 

* fi’uaulina pailanaia Sohw. 

Bryozoa— 

* Pohjpora megaatoma de Kon., 

* „ ornata Waag. and Piohl., 

* 9 f gigantaa Waag. and Piohl., 

* „ honinohiana Waag. and Piokl. 

* Hexagonalla remoaa Waag. and Piohl., 

* Aratopora remoaa Waag. and Wentz,, 

* Fiatutipora paraaitiea Waag. and Wentz., 

* AmblyaiphoneUa sp., 

* DybovaahieUa (Piatulipora) grandia (Waag. and Wants.), 
Ga'nitzella (BitoatomeUa) eolumnaria Sohloth... 

* „ „ eraaaa Lonsd., 


7«1 
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BjTOzodr-^eonid, 

* Stenopara ovata IiOXiBd.T 

* Synooladia virgulctoea phill., 

* Fenestella jctbiensia Waag. and Piohl.» 

Actinozoa— 

* Lonadahia {Waagenophyllum) indica Waag. and Wentz., 

* 99 virgaleniais Waag. and Wentz., 

* „ ( WerUzdeUa) salinaria Waag. and Wentz., 

* Michelinia indica Waag. and Wentz., 

Vermes— 

Serpnlitec indicua Waag., 

Crinoidea— 

Poteriocrinus sp., 

CyathocrinuB sp., 

Brachiopoda— 

* Lingula acrutata Beed., 

R. OHhiajanicepa'WcAg.t 
R. „ ? marmorea Waag., 

,, (Schizophoria) jureaanenaia Tachern. (found also in Rujaia and Parjia). 

R. „ ( „ )indica Waag., 

R. ,1 ( „ ) derftyi Waag., 

* „ ,, ( aubquadrata Fliegol (found also in Ohina), 

„ (Bhipidomdla) corallina Waag., 

R. !• ( M ) tncmm Waag., 

Bnltletea aubequivalvia Oemm., var., rugata Reed, 

„ aingularia Beed, 

99 eonjunctua Beed, 

„ aocialia —Beed, 

„ waageni Qemm. (an European species,found also in the Karakora m and the Hima* 

laya (Chitichun). 

99 lamareki Fisch. de Waldh. (found in Russia and China), 

„ (Enteletina) acutiplicatua Waag., var. infrequena Rood, 

„ ( „ ) pentomeroidsa Waag., 

Entdeloidea redtecBeed, 

,, ienuiplicattta Beed. 

Streplorhynchua palargonatua Sohloth. (found in Europe and Ohina), 

,, miatua Beed, 

B. „ diaiortua Waag., 

R, „ capuUndea Waag., 

R. „ memor Beed, 

„ (Sohuehertella) purdoni Beed., 

R. „ „ aemiplanua Waag.» 

Derhiya hemiapherica Waag., var. radiata Beed, 

„ (PMcaiadtihya) aemula Beed, 

B. 9 , grandia Waag., 

R. 99 regularia Waag, 

KiangakUa pcctinifomia (Dav.) (originally **8treplorhynchua pediniformia^'), 

99 99 9 Tar. pauoiplieata Reed, 

„ 99 , var./oseteulato Reed, 

99 o 99 9 yar. Udeainuata Beed, 

99 compraaaa BAtd. 
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Braohiopoda—eoni<{. 

Mukdla f punjahica Beed» 

9P cf. baahkirica Tsohem, (species found in Russia), 

Bhynchotreia 9 dv^ia Reed, 

„ ? manatvyi Reed, 

Oldhamina detApitna (de Kon.) (found also in China)^ 

Lytlonia nohilia Waag., 

Sichthofenialaivrenciana (de Kon.), (found in other parts of Asia), 
Productua({Dictyocloatua) indicua Waag., 

( 


R. 


R.* 

R. 

R. 

R. 

R.* 

R. 


) tardatua Roed 
) viahnu Waag., 

) genuinua Kut. (found also in Russia). 

) aubcoaiatua Waag., 

) of. tranaveraalia Tschern. (species found in Russia), 

) cf. gruenewaldti Krot. (species found in Russia and China),. 
(^intMtdla) cdaua Reed, 

( ,, ) of. weyprechti Toula (species found in Spitzbergen). 

\PlicQiifera) cf,funiculatiia Mansuy (species found in Indo-China). 
(Linoproductua) lineatua Waag., 

( „ ) aagardi Toula, var. implicata Reed (Probably found in Asia- 

Minor), 

( ,, ) of. lahuaent Lich. (species found in Russia), 

( „ ) of. kulikii Fred, (species found in Russia and Spitzbergen), 

(Rvihe.nia) purdoni Bay., var., circularia Reed, 

( „ ) vagaiM Reed, 

{Waagenocoficha) humholdti d’ Orb., var. dum aa Hoed {forma lypiea found in 
S. America). 

) ahichi Waag., 

) „ , var. aerialia Waag., 

) „ , var. conaora Reed, 

) „ , var. paeudotuberctUata Reed, 

) „ , var. denaipuatulata Reed, 

) „ , var. paevdo-paUiata Reed, 

(BuxUmia) coaleba Reed, 

{Jureaania) acalaria Mansuy, var. aefrUtaberovlatap Reed, 

(Gancrinella) aaperulua Waag., 

(Striatifera) mongolicua Dion., var. aubciroularia Feed, 

(Haydtndla) kiangaie'naia Kays, var. tumida Waag, 

( „ ) vihianua Dien., var. aalinaria Reed, 

( „ ) quaaitua Reed, 

{Diaphragmua) faaciculatua McChasn., var. aemionfinata Reed. 

( ) P9 f khaaorenaia Reed, 

{Tachefnyaeheuna) typicaa Stoy. (found in Armer ia and Serbia). 


) „ , var. gemina Reed, 

) tranaindicua Reed, 

) vieifudia Reed, 

) parUia Reed, 

?) myaiua (End.) (found in A^ia Minor), 

?) fugax (Reed) {''Strophdloaiafugax'*), 

f)J puftfabaruia Reed {**Buxkmia pwnjahanaiP*). 
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Braohio^jod&-~eoiU(i. 

Marginiftra prcBmnti '• ^^eed, var., eremiia Beed, 

„ tgpica Waag., 

f, „ , var. erassicosUita Beed, 

„ gratiosa (Waag.). 

„ ormta Waaj., 

„ ovalis Waag., 

u of. Uhedeim Techem. (apeoiee found in the Ur wle), 

M of. jtatteaM'a Chao (species found in Mongolia), 

M of. morrisi ohao (si^oies found in Mongolia and the Caucasus and probably 
in the Himalaya (Chitiohun)), 

„ ? ferox Reed, 

Strophahiia lamiUoaa (Coin.), var. linearis Reed, 

„ exeavata (Qein.), yar. remota Reed, 

R. „ indiea Waag., 

* M rariapina Waag., 

lAptaloaia of. ovUis Dunb. ani Coni. (8p3oie3 found in the Pennsylvanian of America), 
AuloeUgee wangenheimi de Vern., var. punjabiea Reed, 

*C/Mnete$ deplanata Waag., 

* „ strophomenoidea Waag., 

„ (Choneiina) dalmirienaia Reed, 

„ ( •» ) semtotMdts Waag., 

,, (Dienerella) dichotoma Waag., var. hilotenaia Reed, 

„ ( ) dichotoma var., pluriplicata Reed, 

R. „ ( „ ) aquamulifera Waag., 

R. »>(,») (squicoata Waag., 

^ „ ( M ) grandieosta Waag., var. hiplex Reed, 

„ (Liaaochonetca) geinitxianua Waag. (b'*(7A. glaber'* Gein., non Hall), 

R. 2 M ( »f T) morahenaia Waag., 

jOhoneiMa n'lauta Waag., 

„ T indiea Waag., 

Fugnax {WtUerdla) aexatilia (1), {^*Oamirophoria nucala, var., aanatilia^^). 

„ { ft ) 99 9 yat. aedaria Reed, 

9 , ( „ )n dienaia Reed, 

UndnunatUna theobMa (Waag.), (**Rhynchomlla [Uncinulta ?) thaohMi''), 

„ jabienaia (Waag.), {**Bhynchonell i (Unoinulua 7) jdbienaia**) 

R. „ postera (Waag.), 

UnciniUoidea di^aa Reed, 

,, imitatrix Reed (possibly equivalent to a form found in Indo-China), 
Bhynehopora nikitini Tsohem., var. acoraa Reed {forma typica found in Russia, Spitsbergen 
and Bolivia), 

„ 7 icya»e» Waag., 

„ 7 complanata Reed, 

Camarophoria purdoni Dav., 

^ muiabUia Tsohem. (found in Russia and China), 

sehUAhiimi V. Bush, var. v-agala B3od [forma typica found in Europe), 

„ biplicata Stuokenb, (found in Russia), 

R. 9 , pinguia Wang., 

9 , humbletonenaia Hoirse, var. dipiaa Reed, 

M of. netachajewi Tsohem., (speoies found in Russia), 

9 , of. hofmanni (Krot.), (speoies found in Russia), 

99 of. applanaka Tsohem, (speoies found in Russia), 
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Braohiopo la— 

Oam/Btfipphoria of. tanankouensia Ozaki (speoies found in Manchuria), 

,, of. thevenini Kozl. (species found in Bolivia and Texas), 
,, (Lcavicatmra) sella Kut., var. preacuta Reed. 

Ter^ratuloidea omata Waag., 

ff ft * ▼ar. unipUcala Rood, 

„ davidaoni Waag., 

„ trifida Reed, 

„ depreaaa Waag., var. daudenaia Reed, 

B> „ f»»7ior Waag., 


B. 

li. 


Didaama hakhenae Reed, 

„ Tiexile Reed, 

„ plica (Kut.), var. arcitata Rood, 

„ iruncatum Waag., var. miarikhaneaia Reed, 

„ aeutangtUum Waag., 

„ „ , var. aubcuneata Reed, 

„ guttula Waag, 

„ nummulua Waag, 

„ aultaneae Reed, 

„ of. darvaaicum Tsohern (species found in Central Asia), 

,, 7 ovoidale Reed, 

„ {Helerelaaina) probhmaticum (Waag ), 

„ ( f, ) bipUtx Waag , var , protracta Reed, 

,, ( ) „ , var pumila Reed, 


Notothyria dupUeata Reed, 

„ burienaia Reed, 

„ lucida Reed, 

,, ghundienaia Reed, 

„ prmUcta Reed, 

„ „ , var. acuta Reed, 

„ fiaaicoatata Reed, 

„ gojroanaia Reed, 

„ vfarlhi Waag., var. cracaa Reed, 

„ inflata Waag., rar. biaccta Reed, 

„ lochardi Mansuy, var. ovifortais Reed (forma lypica found in In lo-CKitia), 
„ incaquiplicata Reed, 

,, aarinenaia Reed, 

„ djoul/cTuia (Abioh) (a Caucasus species), 

,, 7 riparia Reed, 

„ simplex Waag , 

,, aubveaiculofia (Dav.) 

„ Unticvlaria Waag., 


Dielaamina eraaaiplicata Reed, 
M gravida Reed, 

„ globaaa Reed, 

„ peregrina Reed, 

„ exUnaa Reed, 

R. „ plicata Waag, 


Oefonia ? emerita (Reed), (^Notothyria maditerranea, var emrritia*'), 
„ T bi/rona Reed, 
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B. 


BrAohiopoda—eoTi^. 

Hemiptychina aparaiplicata Waag (? a variety of H. himdlayenaia Day.); 

^ himdlayenaia (Day.), yar. medioaulcata Reed {forma typica found in the Riiaa*- 

l»y») 

99 „ , yar. lata Reed, 

„ warchenaia Reed, var. pyriformia Reed, 

„ truncata Reed, 

99 99 9 banachangenaia Reed, 

„ morriai Grabau (found in Mongolia), 

„ patuta Reed, 

9, ? of. aohellovoieni Gort. (species found in the Carnio Alps), 

„ crebriplicata Waag., 

Huatedia grandicoata (Day.), 

99 99 9 var. aubcirularia Rood, 

„ 99 9 var. elongata Reed, 

„ indica Waag., yar. chittidilensia Reed, 

„ 99 9 '^ar. interplicata Reed, 

,, rhynchoapiroidea Reed, 

*Cardinocrania indica Waag, 

Spirifer (Neoapirifer) musakheylenaia Day. (a widely spread type, soaroely separable from 
8 p,faaciger Keys ; found in Kashmir, Spiti, Chitral, Garhwal, Kumaon 
Karakoram, Sikkim, Inio-Ghina, Rotti, Ti nor anl Tibet.), 

„ (Neoapirifer) mnsakheylenaia var. humilia Read, 

„ ( „ ) warch^.naia Rood, var. acabroaa Reed, 

„ ( „ ) aodalia Reed, 

„ ( 99 ) cam'iratua Mort, var. extrna Reed (forma typica found in the 

United States and Brazil). 

* 99 { 99 ?) oldhamianua Waag., 

„ (Elivina) blaaii do Vern., var. aemiavdlia Reed, 

M ( M ) toynnei Waag, (para), 

99 (Purdojhella) lunwalenaia Reed, 

99 ( 99 ) muUiradiatua Reed, 

„ ( „ ) limitaria Reed, 

„ ( „ ) conformia Reed, 

Uncinella indica Waag., 

liartinia acutomarginalia Dien. (found also in the Himalaya (Chitiohun), 

„ burienaia Reed, 

„ uralica Tsohern, var. longa Taohern. (found also in the Urals, Central Asia, Ohina 
and the Karakoram), 

. „ aemiplana Waag., 

V „ 99 9 var. radiata Reed, 

„ warthi Waag., 

„ ehngataWaag., 

* „ 99 9 var. ainuata Reed, 

,, chidruenaia Waag., 

* 99 elegana Dien., var. p%rticepa Reed, 

„ of. triquetra Gemm. (speoios widespread in Europe and Asia), ] 

„ (Ella) blanfordi Reed, 

MentzeUa punjdbica Reed, 

„ ndHemia Reed, 
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R# Squamularia {Neophrieodothyria) (taiaiica Chao (Waagen's **Reticularia lineata** (paray 
(found in several parts of Asia, and in Nova Zembla), 

,t (Neophricodothyria) tmiageni (Loozy), var. aubquadrata Reed, 

,, ( M )nummulinaR,Qed,(*'BeticulariaindicaWa.a.g.*'), 

„ ( „ ) bilotenaia Reed, 

»t ( t* ) atUnuata Reed, 

„ ( f» ) alegantula (Waag.) {*^Reticularia elegantula*'), 

99 ( 99 ) indica (Waag.) (^*Retieularia indica'^), 

99 ( 99 ) cf.pi^ZcAemma (Comm.) (the species occurs in the 

Himalaya (Ohitiohuii), 

„ ( 99 ) of. caroli (Gemm.) (species found in Asia Minor), 

„ ( „ ) cf./recAi“Renz’*, 

Rpiriferina (Spiriferellina) criaiata Schl., var. commixta Reed (forma typica abundant and 
variable), 

,9 (Spiriferellina) bilotenaia Reed, 

99 ( 99 ) 99 9 var. curta Reed, 

99 ( ,, ?) naauta \Sraag., 

99 ( ,9 ?) panderi Moll., var. burienaia Reed (species found in the Urala 

and Timaiis), 

99 (Manauyella) ornata Waag., 

99 ( 9 9 ) cf. holzapfeli Tschorn. (species found in chc Urals, the Timait 

and Spitzbergen), 

•• (Reticulariina) tranaindica Reed, 

[ ,, (Paraapiriferina) ghundienaia Reed, 

99 ' ( 99 ) pur^abenaia Reed, 

Athyria (Oleiothyridina) capillata Waag., 

99 ( 99 ) 99 , var« sa 6 cunna^a Rood, 

M ( >f ) f* »var. pinguia Reed, 

99 ( 99 ) >9 9 var. tripartita Reed, 

99 ( 99 ) t> f var. aaceulua Reed, 

,, ( ,, ) 99 9 var. tenuia Reed, 

„ ( „ ) xetriformia Reed, 

„ ( 99 ) pentinifera (Sow.) Athyria royaaiV' (para)), 

99 ( 99 ) 99 9 var. venuata Reed, 

», ( ,, ) dalmirienaia Reed, 

R« 99 ( 99 ) anbexpanaa Waag., 

„ ( ,, ) aimulana Reed, 

,» ( ,9 ) accola Reed (**Athyria capillata** (para), 

99 ( 99 ) aaraienaia Reed, 

f» ( 99 ) of. bajtunganeaia Netsch., (species found in N. Russia), 

,, (Gompoaita) protea (Abich), var. camplanata Reed, 

99 ( 99 ) 99 9 var. parilia Reed, 

99 { 99 ) 99 9 var. atibalata Reed, 

99 ( 99 ) 99 9 var. inflata Reed, 

99 ( 99 ) 99 var. patula Reed, 

99 ( 99 ) indoainenaia Mansuy (found in Indo-China), 

„ ( 99 ) globularia PhilL, var. miarienaia Reed (probably identioal with a form 

from China). 

,• ( „ ) 99 9 var. Oraaaa Reed, 

„ ( ,, ) 99 9 var. naruenaia Reed, 

R. „ ( „ ) grosaulaWaag,, 
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Braohiopoda—eonc{(?. 

SpirigereUaiimortMia (Bothpl.) C*Sp. grandia" (para); found in Timor), 
„ »> > aamiainuata Keed, 

„ grandia Waag., var. oheaa Huang, 

„ gigaa Reed, 

„ proxima Reed, 

„ obovata Reed, 

„ „ , var. aaUiformia Reed, 

R. „ derhyi Waag. 

„ „ , var. aubpeniagofMlia Reed, 


e 

9f 

„ , var. acutipUcata Waag., 


99 

diaeora Reed, 


99 

minuta Waag., 

R. 

99 

hybrida Waag., 

R. 

99 

media Waag., 

R. 

99 

fuaiformia Waag., 


99 

of. vertumida Dien. (speoies found in the Himalaya (Chitichun) ani possibly 
Bolivia). 


Lamellibranehiata— 

Schitodua duhiiformia Waag., 

Cypricarddla irapexoidalia Reed, 

MJLmnmiia of. giambeli Gemm. (European speoies), 

R. ! AUoriama pleuromyoidea Waag,, 

,, of. yachihoenaia (Grabau) (epeoiesfound in tb'^ early Permian of Ohina). 
Proeraaaatella ep., 

Ainaulopactan expoaitua Reed, 

„ rtgularia Reed, 

,, ruklenaia Reed, 

,, puf^abmaia Reed, 

* „ proBcox Waag., 

* „ prototextariua Waag. 7 , 

* „ noduUfer Reed, 

,, of. natachajewi Lioh., (speoiee found in the Urals and Titnan Ht s.), 

* „ aff. aubjimbriatua de Vorn. (Russian species), 

PtarinopacUn ( Danbardla) ivarchenaia Reed, 

Pjrnopaeitn aalariua Reed, 

BUanfordinia lunwaltnaia Rood, 

,, fraterna Reed, 

„ irifurcata Reed, 

„ eardUformia Reed, 

LimUulina cf. krotovi (Sbuokenb.) (Russian speoies). 

Paaudomonotia {Stimorphotia) nodulata Reed, 

„ {Aviculomomtia^) waageniBiwA^ 

Mycdina banaekangenaia Reed, 

Atonaodeama aemiplicata Reed, 

PUthomytUua Unaaiua Reed, 

B. Lithodomina dbbreviata Waag., 
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Gftttropoa— 

FUurotomaria {PnymtiopUura) haccata Keed, 

,, (Plocoatonw?) punjahica Waag. 

M {Oosaeletina) cf. wanneri Haml. (a Timor apecics), 

M {Trepoapira) aff. hunica Dien. (Bpecies found in the Himalaya), 
Murehiaonia {Stegocoelia) cf. quinquexoataia Yin, (Chinoae species), 

Naticopaia {Neritomopaia) amHenaia Reed, 

R. Buomphalna paaillua Wa&Q., 

,9 {Srhizoatoma) oldhami Reed. 

Prooermiculariaj ? cf. latispira (Grabau) (species found in China), 

R. Diaphoroatoma? {Platyatoma) indicum (Waag.). 

Balitrphon cf. vigilii Stache (identical with a Himalayan form; specMeg found in the 
Tyrol). 

R. „ blanfrodianua Waag., 

R. ,, jontaianua Waag.. 

R. ,, affinia Waag., 

R. triangularis Waag.. 

R. Muphemua indicua Waag., 

R. ,, apertua Waag., 

R. „ IcBvia Waag.. 

R. Warthia polita WntiQ., 

Caphalopada—. 

* Nautilus f aflf. wanneri Han. (a Timbo species). 

Mstacoesraa chitidilenae Reed, 

♦ ,, { Va nio'iaat Una) multicoatatum {Reed) Foordiceraa tfansitorium, var mulii> 

coatata '*). 

Foordiceraa goliathua ‘Waag’. (“ Nautilus goliathua ”), 

Pasurhm^tacoceraa grypoceroidea (Reed) {^^Foordiceraa grypoceroides ”) 

PaeAioceraa convoliitum (Waag.), (“ Nautilua covolutua ”), 

Paranautilua peregrinus (Waag.) (“ Nautilua peregrinua ”), 

Liroeeraa hakhenae Reed, 

R. Stearoceras imtnane (Rood) (‘‘ Ooloceraa immane ”), 

R. Gyroceraa medlcottianum Waag., 

Palatolecamies cJiaprienaia Reed, 

Ophiceraa ? bilotenae Reed, 

Xtnaapia carbonaria Waag., 

ParaceltUea sp. 

UnroTised determinations— 

Steinmannia gemina Waag. & Wentz., 

Atnblyaiphonella vesiculosa Waag.; & Wentz., 

,, radicifera Waag. & Wentz., 

,, midtitamellosa Waag., A Wentz,, 

„ aocialia Waag. & Wentz., 

Gircoporafaveolata Waag. & Wentz., 

„ tubuloaa Waag. k Wentz., 

Irregulatopora undulata Waag. k Wentz., 
jyisjectopora milUpormJormia Waag. k Wentz., 

OartsrinapyramidataWMg. k Wentz., 

SsaagontUa iortuoaa Waag. k Wentz., 

„ laevigata Waag. k Wenti., 
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Unreyiaed determinationa—eonfd. 

AmpUxiiacriatatuB Waag. & Wonts., 

Lanadaleia wynnei Waag. & Wonts., 

Jiikhelinia indica Waag. & Wonts., 

„ of. glomerata M'Coy, 

Araeopora tuheroaa Waag. & Wonts., 

Philocrinua eometa do Kon., 

Poteriocrinua app. 

Cyathocrinua galiatKua Waag., 

„ virgalenaia Waag., 

Soeidariaforheaiana do Kon., 

Spirorhia helix King, 

Dyhowakidla expanaa Waag. ds Wonts. 

Rhomhopora ohliqua Waag., 

AeaTUhocladia ancepa Schl., 

Thamniacua dubiua Sohl., 

„ aerialia W. A T., 

•Chniacladia indica W. & T., 

Phyllopora haimeana do Kon., 

Pclypora ayheai, do Kon., 

,, tranaiena W. ft T., 

Peneaiella perelegana Meek, 

Spirifer {Neoapirifer) oldkamianaia Waag., 

Streptorhynchua delioideua Waag., 

Dtrhya vcrcherei Waag., 

ChoneUa comprcaaa Waag. (horizon unoertain), 

Rhynchonellal morahenaia Waag,, 

Oxytoma atavum Waag. (horizon doubtful; probably^BJan/ordinra eardieformia Rood ), 
Pleurophorua aubovalia Waag., 

Nucula trivialia Eichw., 

Jtfoerodon {ParalUhdtm) geminutn Waag., 

Paeudomomtia garforthenaia King. 

„ gigantea Waag,, 

Avicvlopecten morahenaia Waag,, 

Euomphalua parvua Waag,, 

Warihia lata Waag., 

Naulilua {Jl^etacocera 8 ) fiemingianua 

„ {Paelioceraa?) conneetena Waag. (horizon unoertain— Middle or upper) 
Orthoceraa punjahienae Waag., 

Xyatracanthua graeilia Waag., 

Paammodua ap. (from Kafir Kot), 

Paephodua depreaaua Waag., 

Poecilodua paradoxua Waag., 

Upper Products Limestone. 

Bryozoa— 

^ P 6 lyporamegatomadaK.OfL,, 

* StenoporaovaiaJjQiMad.., 

* Dybowaldella grandia Waag. and Wentz., 

Vormes— 

Spirobia helix King. 
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Braohiopoda— 

OrthU (Sehizophoria) juresawwis Tscherus, 

OHhotichia aulcata Reed, 

SrUeleia toaageni Gemm., 

* „ {ErUeletina) avblaevia Waag., 

Xntdetoidaa tenuiplicatua Reed. 

Straptorhynchua (Schuchartella) asperulua Reed, 

,, „ aemiplanua Waag., 

R. ] Darhyia 'hemiapherica Waag., 

„ „ • yar. actUalia Reed, 

„ auhauriia'Ree^.t 
„ auhainmia Reed, 

* „ alteatriata Waag., 

R. „ grandia Waag., 

R. „ regularia Waag., 

R. „ (Plicatodarhya) plicatdla Waag., 

Mealulla of. eximiaeformia ^Toula* (greatly roeembling a form from the Barenti lelanda 
speciee found in Nova Zombla), 

Lyiionia ndbilia Waag., 

Riehthofenia lawrenciaria (do Kon.), 

Producta(Dietyodoatua) indicua Waag., 

„ ( „ ) ft * paucicoaiata Reed, 

„ ( „ ) tt f var. auhvexa Reed, 

„ ( „ ) liroZieiieTeohem. (epeolee found in Russia, varioue parts ofChiaa 

Indo-ChinaandOhitral), g 

R. ff ( 9f ) aubcoatatua Waag., 

„ ( ,, ) Chao, yar. odttm&rato Reed, 

„ ( „ ) ,, , yar.^umf/ac/a Rood, 

,, ( ,,* ) Reed, yar. ^/osaa Reed, 

„ ( „ ) aratua Waag., 

,, ( „ ) genuinibB Kut., 

,, ( ,, ) cf. inca d* Orb. (species found in Bolivia and Persia). 

„ (Linoproductua)li 7 ieatuaWaajg„ 

„ ( „ ) ,, , yar, siVfcma Reed, " 

„ ( ,f ) cora d* orb., var. auperha Reed (probably found in Indo- China, 

Bolivia, Samara and the N. Caucasus), 

„ ( „ ) aimenaia Tschern., var. abrupta Reed, 

„ {RutJi€nia)purdoniDay„ 

„ < „ } „ , var. paraU'ensiS Reed, 

„ ( „ ) „ ' , var. prolongata Reed, 

„ ( „ ) „ , var. ccutrenaia Reed, 

ft ( ft ) irginae stuck, var. aliena Reed (probably identical with a fom found 

in Bolivia), 

„ ( Waaganoconcha) humholdti d’Oeb., war. ailveana Stuck (probably equivalent to 

form found in Russia), 

„ ( ft ) humboldti, var. xenia Reed, 

ft { ft ) ff t var. conjuncta Reed, 

R. ft { ft ) aerialia Waag., 

R, ft { f, ) abichi Waag., 

ff ( ft ^)cylindricttaVfaag„ 

ft ( ft 7 ) „ , var. dtacreto Reed, 

„ (Avonia) opuntia Waag. (found in Timor), 

„ (TachefTiyachema) vicinalia Reed, 





T72 


MANUAL OF GEOLOGT OF INDIA AND BURMA 


[VoL. II, 


Branehiopoda— contd, 

Mwrginifera hanschangenaia lieod» 

„ graiioaa (Waag.)» 

R. „ typica Waag., 

R. ,, cmata Waag., 

Sirophaloaialamdloaa (Gciii.)» var. linearia Reed, 

„ blanfordi Roed, 

,, aalmunenaia Reed, 

R, ,, indica Waag., 

Choneiea squama Waeg., 

„ {Plieochone.tfia) packelmanni de Terra, var, hurianaie Beed» 
,, {Paechdmannia) of. amhiensia Waag., 

R. „ (Liaaochoneta) morahenaia Waag., 

R. », ( »* ) avicula Waag., 

Ohonetrlla nasuta Waag., 

Uneinuloideaimitatrix Reed, 


R. 

R. 


Ithychopora relegata Roed, 

Comarophoria purdoni Dav., 

„ Tflchoni., 

,, cuneiform is Reed., 

„ aehlothflivii v. Buoh, var. vagata Reed, 

„ loaageni Netach. {** 0 , auperatca Waag., non de Vern.’*), 

„ irregularis Rood, 

Uloioihyria huriensia Reed, 

„ pndecta Roed, 

„ warthi Waag., var. craaaa Reed, 

„ revocata Reed, , 

„ muUiplicata Wang., 

Tarahratuloidea pingaiia Waag., 

Hamiptyehina aparsiplicala Waag., var. intermedia Reed, 

„ himalayensis (Dav.). var. obligala Reed, 

„ truncata Roed, var. elongata Roud, 

Cryptaeanlhia indica Rood, 

,, „ , var, lata Roed, 


Bpirifar {Neoapirifer) musahheylenaia Dav., 

„ ( „ ) warchensia R»oed, 

var. acahroaa Roed, 

,, ( ,, ) ravanaXiioxi.^YaT.plicatiftra Reed {forma typicaiouvid intLePro« 

ductufi ehalos of the Himalaya), 

,, ( ,, ) Mort., Var. 

,, ( „ ) cf. dunhari R. H. King. 

,, {Elivina) urUerplicatua Rothpl., var. haahhirica Techern. (found in Ru«ia, Green¬ 
land, the Camic Alps and probably Manchuria). 

„ ( f» ) hlaaii do Yarn., var. aemioualia Roed, 

„ (Choriatitella) internatua Bieod, 

„ (PttfdoneWo)) Reed, 

„ ( „ ) conformia Reed, 

Martinia aeutomarginalia Dien., var. crenata Reed, 
avhrhomboidalia Reed, 

torculum (Kut.) (a variable species, found in China and probably the Hi inalayaa 
(Chitichun)), 
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Brachiopoda—conlc^. 

Mariinia toarthi Waa^., 

„ semiplana Waa^., 

y, chtdruennia Waag., 

„ tlongata Waag., 

,, cf. hraffti Bittii. (a central Asian species). 

„ {EUa) aimfvM't Tschcrn., var. snhHrirta Tscliern. (found in tise Urals and Tiiuan 
Mts.) 

,, ( »» ) lilanjtifdi Heed, 

,, (Frederickaiu) khnrfH-i*is Reed» 

Mwizt liafsalaria Reed, 

JSquamutaria {NeophricodoUnjris) Indira Waag. Urtirulnria indi»a 
,, ( ,, ) spntulata Reed, 

,, ( ,, ) inarquilateralia Geniin. (found in Italy, China and Tndo- 

Chiiia). 

Spiri/trina {SpirifrreUina?) panderi Moll., var. baricHniA Reed. 

,, {Mav/iHifella) cf. margaritae (remm. (species recorded in the Himalaya (Chiti- 
chilli)). 

Athyfi* (Cleiothifridiiia) rnpillatn Waag., 

.. ( ,, ) prr.tlnifpra (Sow.) (“ .-l<%rM rag.sf^il'' {pnrfi}), 

99 I ) If f var. venusta Hoed. 

99 { M ) dalfuirieuftift Reed, 

„ ) gr.rardl Dieii. (found in the Himalaya and tlie l^rals), 

„ ( „ ) interpoi*\ia Rec<l (*‘ Athijris roija.'iii ” (pars)). 

99 { If ) fvarcheti^is Reed. 

{ ,, ) nrcMn Reed, 

»> ( ,, ) •'ittbexpaHna Waag., 

,, ( ,, ) ftwhignaefornnAWRfi^.^ 

„ {Composita) proiea (Abich), var. matpfanatd *'Rced.' 

Spirigerella timorevMs (Rothpl.), 

„ gravdis Waag., 

,, , var, ehmgata Heed. 

„ proximo Reed, 

„ oborata Reed, 

Spirigerella derby is Waag., 

,, ^ var. rompre.<sa Reed, 

„ praelonga ^^’aag., , 

„ „ , var. earinata Reed, 

,, paralieusiii Reed, 

„ alata Waag., 

media Waag., 

,, hybrido Waag., 


Lamellibranchiata— 

R . A llorisma perelega ns W'aa g., 

R. LucinaJ progenetrix Waag., 

R. „ ? bombifrons Waag., 

R. Loripes ? atavua Waag., 

B. » ? Waag., 

R. QmHia ? primaeva Waag,, 

R. Stptiftr eq^iama Waag., 

Paralhlodon respertus Reed, 

„ cf. 9ubiilis(riatus AV'anner (a east; species found in Timor). 

9 GSI/«4 1!> 
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R. 

R. 

R. 

R. 

R. 


R. 


L^malUbraiiohi ata— contd, 

NtiGulopais cf. anthranoneiloidefi Chao (a Chinese species), 

Palaeoneilo ? centralis Reed, 

Myophoria ? subelegans Waag., 

Sohizoias cardissa (Waag.), (“ Myophoria cardissa ”), 

„ pinynis Waag., 

„ rotiindalus Rrown.? (a British species), 

„ praecox (Waag.) (“ Myophoria praecox ”), 

,, e:aarginaias Reed (probably—S'cA. rotiindatuft "Waag., H’ot lirovvn), 

,, whedr.ri (Sv^allow) (probably identical with forms from Russia, central Asia and 
Gr.jcnland), 

Astarte ? n/nViensi# Waag., 

Astartella const mili^ Reed, 

,, permocitrboni’'a Tsclioni. (found in Russia and the Caniic Alps), 

Palaeolncimi <*f. c irbnnaria ('hao (A Chinese species). 

Plenropkoritia complanata (Waag.) (“ Pleurophorns cotiiplatiul^ta 
* „ Inihri^-tla (Waag.) (“ Pleurophorns inibriratvs *’), 

LUhophagus cf. pHnnlan'is Frcbold (a Greenland species), 

Lithodomino hoJcheusI-t Rc.-d, 

Soleiny t biarnUca dc V"cni. (typical of the Permian in E. Russia and Germany and foand in 
tiiis Himalayan Killing Mhales), 

Pseadomonolis qigantea "Waag., 

,, mUidlrmissi i)ien., 

,, {Arimlomonotis) indica Wotody ver. iniercostata Rood, 

,, ( ,, ) isfiageni Reed, 

AviciUopectenwynnei ‘Waag’ var. 

,, squamiger Reed, 

,, granosuH Waag., 

,, derajatensis Waag., 

,, katwahiensis ? Waag., 

Pecten (Entoliutn) avicaltus (Swallow) (found in China and probably Kashmir), 
Blanfordinia lannmhmls Reed. 

„ cardilfonnis (Rood) (‘ ‘ Oxytoma (?) atavam, var. cardiiformis^*), 

„ ? siibexotica Waag., 

Limatali na propin qua Rood, 

Liebea sacculus Reed, 

Gastropoda— 

Pleurotomaria {Phytnatopleura) paraliensis Reed, 

„ ( „ ) uchhaliensis Reed, 

„ {Bayleal) durga Waag., 

„ ( „ 1) sequens'W&B.f^.f 

„ ( „ ?) cf. kirillowensis Lich. (a Russian species), 

„ {Ptychomphalina) hanschangensis Reed, 

„ (Plocostoma) conglobata Wanner (found also in Timor), 

Tretospira indica Reed, 

„ fnniculata Reed, 

Murchisimia {Ooniasma) conjun^e'ns Waag., 

Hemizyga (Plocazyga) indica Reed, 

pseudezygopdeura aif. semicostata Meek (species found in tho Pennsylvanian of the United 
States), 

. Anomphaltis ? priscus (Waag.), (“ Margefda prisca ”), 
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Gastropoda— contd. 

Macrocheilinia (Sphaerodoma) avellanoides (do Kon.) (probably synonymous 

with Soleniseus mucronatus Yin from China), 

,, ( »» ) primigenia (Oonr.), 

,, ( ,, ) vcriaimilis Heed, 

„ ( ,, ) cf. brevis White (species found in X. 

America and China). 

„ ( ,, ) Iff. iJfiw/ncosti (Hall) (species found in N, 

America and China), 

,, ( ,, ) (if. iatercalaris (Meek and Worthon) (an 

American species), 

A nriptggnm lihairliense Heed, 

S^ati('>opais spectata Heed, 

H. ,, hhnrr'iisis Waag., 

H. ,, {.Vnrit fnh'>p-^U) ni'eninola (Waag.), {“ Phasiandla arnncola^')^ 

* ,, ( ,, ) W.iag. 

fatiUnnnpsis oviformir. Ret'd, 

Orth )t}i/ehifi ahitii l'iu.i (WatiH 'r) (a variable species, found in Timor), 

')i. pHotnphfil'is Waag., 

fhJhrophon- c/fulora^is Kced 
,, khairlirn^is Heed, 

„ Yin, var. adveua Hood (probably identical with forms found in 

China and (rrceiilaiid), 

H. ,, hlmifrodiany^ Waag., 

R. „ joaesfartMA’Waag., 

H. ,, ode.ntalis Waag., 

H. ,, ajftvis Waag., 

H. ,, sqmmatas Waag., 

R. ,, Waag., 

H. ,, triangularis Waag., 

„ ( Tropidnryclus) punjnhlcns Reed, 

H. MoguUa regular is Waag., 

H. Stachella semianrila Waag., 

H. „ bifrons Waag., 

H. Warthia polita Waag., 

H. Bucaiiia augustifasciata Waag., 

H. „ Integra Waag., 

H. Euphemus indicus Waag., 

H. „ laevis Waag., 

R. ,, apertus Wang., 

Euphemusl of. baroghilensis (Reed), 

Scaphopoda— 

Plagioglgpla kerculea (de Kon.), (“ Eutalis herculea*^) (found in Asia Minor, the United 
States (Texas)), 

Cephalopoda— 

* Tainoceraa tioetlingi Freoh, var suibgloboaa Heed, 

• Hyanghooeraa warchense (Rood),( ‘ ‘ Metacoceraa warchense''), 

Metacoceras {Taenionautilus) wynnei (Waag.) Nautilus wynneL.). 

Parametacoceras venustum Heed, 

Tetunooheilus muUiluberculatus (Waag.) (**Nautilus multUuberculatus*'), 

M of. grswinghi Tsohem. (speoies found in Russia). 

Oodonautilus sp.. 


19 a 



776 


KAK0AL OF OBOIiOO'S' OF INDIA AND BDBMA 


[VOD. II, 


Oephalopoda—oonAl. 

PaeiioaeroB (^Aphdeceraa) ophiontiim (Waag.) Nautilus ophianeua'^), 

Soieno^ilus huriensis Keed, 

Liroceras bairhense Reed, 

Pianetoceraapostremum Reed, 

Siearoceraa punjabicum Reed, 

R, „ immune (Reed) (^'Nautilus (Coloceraa) iminania"), 

Gaatrioceraa nodtUiferiun Reed, 

Cpelolobiia of. walkeri Dien. (species found in the Himalaya (Ohitichun) and Madagascar). 
JSumedliGottia primas {W&ug,) {'*Sageceraa primaa**), 

Epiaageceraa wynnei (VVaag.) {** JSageceraa wyyiaei**), 

Xenodiaeuaplicatus Waag. 

Pisces— 

Hdicoprion sp. 

Unrevised determinations— 

Margaritina achwagtri 55itt., 

LinguUjia decipiena Schw. 

Fuaulinella waageuia Schw. 

Steimnanuia aalinaria Waag. & Wentz., 

Dyhomhidla expanaa Waag. & Wentz., > 

Htxagonella ramoaa Waag. & Wentz., 

Steuopora chaetetiformia Waag. & Wentz,, 

,, nic/iolaoni Waag. and Wentz., 

Khotnbopora pclyporata Waag., 

Qtinitzdla cobmnaria Schl. 

Synocladia virgulacea Phill., 

Polypora honiuchiana Waag. and Pichl., 

„ biarmica Keys. 

„ ornata Waag. and Pichl., 

Feneatella jabienaia Waag., 

Thamniaoua aerialia Waag. and Pichl., 

Michdinia placmta Waag. and Wentz., 

„ ahichi'Wuug.t 

Amplexua abichi Waag. & Wentz., 

Pachypora curvata Waag. and Wentz., 

,, jabienaia Waag. and Wentz., 

Lonadaleia (Waagenophyllutn) indica Waag. and Wentz., 

Araeopora rarnoaa Waag. and Wentz., 

Phyllopora jabienaia Waag. and Wentz,, 

,, cribellufn'JLo Koii., 

Poteriocrinua sp., 

Oyathocrinua goUathua Waag., 

Spirobis hdix King. 

Oarditworania indica Waag. (perhaps the young of a speoies of Michthojenia). r 

Oamarophoria globulitia Phill., 

Chonetea trapezoidalia Waag., 

„ tripartita Waag., 

Spengleria vetuata Waag., 

Eucharia grandaeva Waag., 

AUoriama dubium Waug,, 
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Unrevised determinatipn»--con^. 

Palanatina C* Palavaiina *’) indica Waag., 

SpiMtriola grandaeva Waag., 

Pleiarophorua aciUejdieatua Waag., 

Cleidopliorud tmpezoididisWaAg,, 

„ striatulua Waag., 

SchizBdua compreasua Waag., 

NueiUana auhncuta Waag., 

Nticvla verUricoaa Hall, 

„ triviaUa Eichw., 

Dolabra corhina Waag., 

Lithodomua aktvita Waag., 

ModidUt iransparena Waag., 

Atomodaama indicum Waag., 

Paeudomonotia radialia PhilL, 

„ deplanata Waag., 

Avicida chidruenaia Waag., 

AvictdopeUen jabienaia Waag., 

„ paeudocieTwaireon Waag., 

,, aqmmvla Waag., 

Pedcn praecox Waag., 

Euch)ndrta auhpuailla Waag., 

Limafootei Waag., 

HolopeUa irimorpha Waag., 

Bucania omatiaaima Waag., 

Macrotheca wynnei Waag. (horizon uncertain), 

Arceatea (Popanocaraa) priacua Waag., 

Nautilaa {Holconavdilua F) latiaaimua Waag., 

„ (Paelioceraa ?) conncctena Waag. (uncertain whether Mid lie or Upper), 

Orthoceraa obHqueanmdatum Waag., 

Cythere cf. dongata Miinst., 

Xyatraeanthua gracilis Waag., 

„ y?iaJor Waag., 

HeJcdopaia dongata Waag., 

Paephodua indictia Waag., 

CydoMma oldhami Waag., 

PetaUjrhynchua indicua Waag., 

Xyalrocaiahua gigarUem Waag., 

ThaunuUacanthuablanfordi Waag., 

P rad at Horizon Unctr tain. 

Lower or base of middle— 

OrfAw (Perditocardinia) uralica Tsohern., var. aubdongala R eed, 

Didaama peranguatum Reed, 

„ redux Reed, 

„ hockatetteri Toula, var. diabrepana Reed, 

„ purdoni Reed, 

„ cf. dlipticum Netsch., 

„ cf. curvaJlum Tschem., 

Hemiplychina aubeqaulia Reed, 

AvieulopecUn {Buchortdria) aortilua Reed. 
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Lower or middle— 

Derhjia sultanensis Beed» 

Produetiui {Ruthenia subpalliatus Reed, 

M {TacJiAmyachiwia) mysm Sad., var. hahhenais Rood, 

Chonetes (Plicochonetea) abnulaki Rood, 

Hemiptychina cf. paeudodongata Schellw., 

Sqruunulfiria {Neophricadotkyria) ovi/ormia Rood, 

Athyria (Compoaita) semiroatraJta Reed, 

AUoriama tmageni Reed, 

Sphenotiia caJtmectua Reed, 

PcUceocorbula dubia Reed, 

Aviculopecten miarikhfinenais Reed, 

Anomia ? sp., 

Pkumtomarifi (Worfhenia) of. oricnlalia Roem., 

„ {Tropoapira ?) of. cJiilmlensia Rood, 

Naticopaia aeaaiUa Reed, 

Belhrophon cf. auheoatatus Fliegol, 

Middle or base of upper— 

Entthlea laeviasimua Waag., 

Kiangaiella pccHniformU (Dav”.), var. fiaaicostata Rood, 

BicUhofenUt ainenaia Waag., 

Productua {Ruthenia) pardoni Dav.. var. mtrkalamnaia Reed, 

„ {Jureaania) jaresammia Tschoni., 

„ (StriaJtifera) compresaua Wa ig., var. eornijormia Chao (a (Jliinoae variof-.y), 

Notothyris daudenaia Reed, 

Huatedia indica (Waag.), var. Ihieata Reed, 

Marlinia burienaia Reed, 

Orthoceraa sp. 

Middle or upper— 

Streptorhynchua craticulaiua Reed, 

Ghonetea (Chonetina) wynnei Reed, 

Spiriferina {Manauyella ?) cf. margarilae. Qcmm., 

Spirigerella ovoidalia Waag., 

Huanghoceraa ivarchenae (Ree). 

Metacoceraa {Taenionautilua) miillicoatatum Reed, 

Lower, middle or upper— 

Aviculopecten aaiaticua de Kon., 

Pecten flemingianua dc Kon., 

Hyolithea orientalia Waag., 

Sa^tceraa hauerianum de Kon., 

The most important and abundant element in tlio fauna is oontributed b\r tlie 
bracliiopods whose sedentary habits tend towards a wide vertical rathe/ than 
horizontal range. The distribution of species appears to be largely local, and the 
further subdivision made by Waagen has for that reason been found untenable in 
the field ; Noetling’s zones are also of doubtfiil value.^ As its name implies^ the 
formation is characterised by the abundance in individuals and species of Proiluctus 
and allied genera ; 16 or 17 of the sub-genera of the genus Productus are represented. 

^ NeueaJdhrb,/. Min. Oed. u. Pal. XVI, table facing p. 468 (1901). 
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The fauna of the Productus Limestone is now universally acknowledged as wholly 
Permian, its three divisions corresponding roughly to the Lower, Middle and Upper 
divisions of that system ; not only is this the case, hut it would appear to represent 
practically the w^hole of the Permian of Europe. Dr. Cowpor Heed finds that there 
is a faunal passage from the Middle Productus Limestone to the. Upper ; and these 
two divisions have more in common with each other than either of tliem has with 
the Lower. The Up})er is, in fact, distinguishable from the Middle almost solely 
by the greater development of ammonoids which, however, are by no means 
plentiful. 

Taking the divisions in order, Dr. Cowper Reed notes that, the Lower Productus 
Limestone is characterised by the presence of Vioduchia {Didyorlostus) spiralis 
Waag., Spirifer {Neospirifer) marcoui Waag. and S. (Fachehnavifdla) niger 
Waag,, all of which arc limited to this division. Restricted also thereto are 
Ttmiothers, a sub-genus of Productus, and, with one excejjtion, the genus “ A^do- 
steges Very few. if any, of the brachiopods found in this division range up into 
the Middle Productus Limestoin?. Fnsulluu is abundant. 

The break between the Lower and Mi(blh‘ divisions is inten.silied by the Gond- 
wana Plant Bed at the base, of the latter : from it havt* bet‘n identified^ - 

Oangamopteris cgcloptvroidrs Feistni., 

„ major Keiatm., 

„ kashmirensis Howard, 

Qloesopteris indica Feistm. 

AnnuLaria sp. 

Branchlets, probal)ly of Kciuiftcdaecous plants. 

Carbonaceous bands, some of tlnmi with ill-|/ivserved, unidentifiable plant 
remains, aresaid to occur at several li(»rizous in tlie Warcha section, and indicate 
a return to the conditions which prevailed during the accumulation of part of the 
Gonularia seciueiici*. 

The Cliff Limestone.^ of the Middh' lUvislon are dc.seribt^d ))y Cowpor Reed as 
extremely rich in species of Product ns, Spirifer, SpiriferiUu. Athyris and Notothyris, 
many of which range uj) into the. Upper division. The cliaraci eristic genera, are ; 
Lyttonia, tlie peculiar Hiehthofeuia, and KlangsieUn, while CaucriueUa and Hay- 
denella, two sub-genera of Prodmlus, do not apj)ear to range above this division. 

The Upper Productus Limestone, is marked by tlie pre.simce of tlie genus, Gryfa- 
oanihia, but is distinguished principally by the greater deveJojmient of ammonoids, 
as shown in the lists. 

With regard to ('Xterual relationshijis, Cowper Reed finds that the Lo%ver 
Productus Limestone fauna possesses some notable atfiiiities with that found in the 
Agglomeratic Slate of Kashmir, if we except the scarcity of mollusca in the latter. 
The resemblances are seen in tin* occurrence in the L<nver Productus Limestone of 
allied species of Tmniotkerus, of a species of Dielasma similar to D, nexile Reed, 
of a species of Pahvocorhuhi (P, dubia Reed) resembling P, difficilis Reed, and of a 
gastropod Pleurotomaria cf. couglohata Wanner ?, like PL breucusis Reed. The 
closest resemblances are with tlie Lower Permian faunas of Western Australia 
several of the brachiopods and lamellibranchs being identical or closely allied. 
This division corresponds to the Lower Permian (Artinskian) of Russia. 

rSic. hXll, 443 (192^ . ^ " 
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With regard to the Middle and Upper divisions, many of the Salt Range forms 
are identical with or allied to those found in the Lopingian of China. There appears 
also to be a very close relationship to the Russian beds, both regions having many 
brachiopods in common and showing marked resemblances in their lamellibranchs 
and gastropods. Except in Sicily, the Trogkofel and the Carnic Alps, the Permian 
faunas of the rest of Europe contain very few species identical with or allied to Salt 
Range forms; those that are, show affinities with the Upper rather than the Middle 
Productus Limestone assemblage. Middle and Upper Productus Limestone species 
or allied forms are known to occur in Persia and Armenia, The Middle and Upper 
Permian of Indo-China contains comparatively few species common to the Salt 
Range, but the rich and probably Upper Permian fauna of Timor, Rotti and Sumatra 
contains some of the brachiopods and ammonoids of the Upper Productus Limestone. 
The Productus Limestone has been recognised in the ' Oman peninsula' of Arabia.^ 

THE PANJAL VOLCANIC SYSTEM OF KASHMIR AND OTHER 

PARTS. 

General distribution and relationships. —>What are now the north-western 

end of the Himalayan chain and the northeastern parts of Hazara were the scene 
of extensive and prolonged volcanic activity during the latter part of the Carboni¬ 
ferous, the whole of the Permian and most of the Triassic periods. The eruptions 
took place either on an old coastal land surface subject to occasional transgressions 
of the sea, or on a submarine shelf. In general, this volcanic cycle is characterised 
by a thick series of ashes and tuffs known as the Agglomeratic Slate, followed by 
an usually thicker succession of basic lava flows, the Panjal Trap. Between the 
two or inter bedded with either, bands of the so-called Infra-Trias limestone are 
seen in some sections, especially in the acute re-entrant of the Hazara-Himalaya 
syntaxis. 

It was at first undecided whether the Agglomeratic Slates were of volcanic or of 
glacial origin, but the discovery by Wadia of undoubted tuffs with fragments of 
glassy matter among representatives of this group in the Pir Panjal confirms the 
preference shown originally by Middlemiss for a primary volcanic origin. In some 
cases the tuff-like character of the beds is demonstrated by well-shaped pheno- 
crysts of orthoclase, plagioclase and quartz, scattered in a matrix which may be 
either a devitrified glass or black and opaque. The tuffaceous character, according 
to Wadia, applies not only to the often highly vitreous matrix of the dense, black, 
cleaved slates, but also to that of many of the coarse quartzose, sandstone-like beds 
of the series,* The suspected equivalence of the basal portion of the Agglomeratic 
Slate to the Talchir Boulder Bed of other areas remains yet to be proved, for the 
reported discovery in one locality of ice-scratched and facetted pebbles in the depo¬ 
sits has not been confirmed; the subsequent re-arrangement of some of the tuff as 
glacial tillite, however, is a possibility which cannot be ignored.® In the Nagmarg 
area, some of the beds of the Agglomeratic Slate series enclose sub-angular pebbles, 
some of them as large as the first.^ 

Not only are the Agglomeratic Slates and the traps frequently found together 
over large parts of Kashmir, but they are often interbedded with each other at their 

} G. M. Less. Q. J. 0. 8. Vol. LXXXIV, 694 (1928). ^ 

»JJec. LXVin, 161 (1934). 

» Gsn. Bep. Bee. LXI, 20 (1918). 

< H. S. Bioa and 0. S. Middlemiss. PoZ. Ind. New Ser. Vol. XII, 7 (1928). 


Chap. XX.] EXTRA-PENiNStJLAR OONDWANA 781 

mutual junction. In the Pir Panjal, the two series are so intermingled that it is 
impossible to differentiate them on the map. In view of these facts, these two 
groups must be looked upon as forming two phases of a single system. In spit of 
the danger of confusion due to previous uses of the name, there seems no more 
appropriate term for this system than Panjal. In a general way, Lydekker’s 
“ Panjal Trap ” corresponds to the upper series of this Panjal system, and his 
Panjal Conglomerate to some extent at any rate, to the lower or Agglomeratic 
Slate series.^ 

In the Lidar valley area, the Agglomeratic Slates are described as passing down 
into the Fenestella series. Along the northeastern flank of this anticline, in a 
southeasterly direction, the Panjal traps overlap successively but with no appre¬ 
ciable discordance the Agglomeratic Slates, the Penestell scries (Middle Carboni¬ 
ferous), the Syringothyris Limestone (Lower Carboniferous), and lie ultimately 
upon the Muth Quartzite (Devonian and Upper Silurian) with only a thin conglo¬ 
merate between.* West of the Sind valley, the unconformity below the Panjal 
Trap and Agglomeratic Slate is exaggerated by similar progressive overlap in this 
direction, both the pyroclastic and effusive members of the system transgressing the 
edges of successively older beds. North of the Wular Lake, a thin band of the 
Agglomeratic slates, some 200 feet in thickness, underlies the Panjal traps and 
reposes in sharp unconformable contrast upon slates with Upper Cambrian trilo- 
bites or upon beds presumed to belong to the Lovrer Cambrian ; this very modest 
thickness represents only the uppermost beds of the Agglomeratic Slate series, 
everything below it, the lower horizons of the series itself, the Fenestella Shales, 
the Syringothyris Limestone and the Muth Quartzite being absent through overlap, 
erosion or non-deposition. In the exposure south of Baramula and elsewhere, the 
volcanic rocks rest uuconformably upon the Salkhnla ; in the mountains near 
Gulmarg, the Panjal traps are lying upon cither the Tanawals or the Dogra 
Slate. In short, while in the eastern parts of the Kaslimir valley the tuffs of this 
formation can be seen to have mingle<l with the sediments of the Fenestella series, 
in the more westerly portions, around and to the north of Srinagar, they spread 
over a denuded surface composed variously of the Syringothyris Limestone, the 
Muth Quartzite, the Tanawals, tlie Cambrian, the Dogra slates or the Salkhala 
schists. 


(I) THE AGGLOMERATIC SLATE. 

The typical agglomeratic slate of the Panjal volcanic system is a dark groy rock, 
minutely speckled with white, with here and there larger patches of while and grey, 
On weathering, it disintegrates and crumbles rapidly, taking on a browner tint 
and becoming pitted all over with angular cavities left by the falling out of frag¬ 
ments. In general terms, it is a fine grit or graywacke, merging into slate, with an 
unresolvable confused matrix, in which are set quantities of small angular grains 
of quartz and, at wider intervals, slightly larger angular fragments of quartzose 

1 Included in Lydekkers’ “ Panjal system ” are some much older chloritiscd traps belong¬ 
ing to the Dogra Slates; these are in some cases amygdaloidal. contemporaneous lavas, novr 
converted into schists, in other cases intrusive dykes. The “ Panjal Slates ’* are the Dogra 
Slates plus the Agglomeratic Slate. The Panjal f^stem ** of Lydekker, in fact, comprises 
an immense thickness of slates and traps, now divided into (a) the Salkhala series and the Dogra 
Slates; ( 6 ) a sequence of six divisions of Palaeozoic sediments ranging from Cambrian to Middle 
0 arboniferouB; and (c) the Panjal Volcanics, comprising the Agglomeratic Slate and tha Panjb 
Trap. 

*C. S. Ifiddlemisa. Rec.^ XL, 235 ( 1910 ). 
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rocks and occasionally of slate and limestone.^ At still wider intervals and dotted 
about at random are still larger fragments, ranging in size up to that of the first, 
sometimes rounded but more generally sharply angular, composed of quartzose 
rocks with occasional slate and limestone and rarely of quartz-porphyry, felspar,, 
pegmatite and tourmaline-granite. The finer-grained type is the predominant 
rock, and is easily recognized by the angular fragments it contains or by the cavities 
whence such fragments have weathered out on exposed surfaces.® Like all fine¬ 
grained rocks of this region it is generally imperfectly cleaved. There seems little 
doubt that, as originally and tentatively described by Middlemiss, the agglomeratic 
slate of Kashmir is “ an accumulation of clastic and sedimentary material formed 
round ruptured portions of the earth’s crust which eventually became foci for the 
extrusion of basic lava flows.” 

The Agglomeratic Slate beds are not entirely unfossiliferous and to the east of 
Hundwara many fossil localities ha\e been noted, the fossils being confined to the 
soft brown sandy beds. These marine fossiliferous sediments associated with the 
slates sometimes assume, a considerable size, but there is usually a large porportion 
ot volcanic debris mingled with the clays and sands. Two principal horizons have 
been established by Middlemiss and Bion. The lower, or zone of Syrinhothyria 
lydekkeri, is found in the Marbal anticline 800 feet above the base of the series, 
and also near Kolahoi ; it has yielded the following 

Bryozoa— 

Protoretepora cf. amphi Lemsd. 

Fenestella aff. inUrnata Lonsd. 

Brachiopoda— 

Syringothyria lydekkeri (Dien.), 

Camarophoria dowhnlenaia Dien., 

Spirifer {Paeckelmannella) middlemlasi Dien, 

9 f ,f varum Dien. 

>» M iSpiriferella) peraonata Reed (Bion'a “ Sp, aff. niger Waag **.) 

Derbyia cf, regularia Waag. 

Productus cf, scabriculus Mart (resembles a variety of Reed’s Pr. (B.) kaahmiricus). 
of fauna almost identical with that of the ’Fcucstella series, and considered to belong 
to the Moscovian or Middle Carboniferous. The occurrence of what is in reality a 
band of the I’enestella beds amongst the basal tuffs of the Agglomeratic Slate 
fixes the date at which the latter commenced to spread over this region. 

The upper horizon or zone of Syrinyothyris nagmargensis Mid. and Bion is 
typically displayed in the Nagmarg area and occurs also in the Marbal anticline 
About 100 feet below the base of the Panjal Trap ; though somewhat later than the 
Salt Range Conularia Beds, it may be assigned to the Uralian and includes the 
following forms:— 

Bryozoa— 

Pro^eUpora ampia Lonsd. 

FeneHetia aff. intemata Lonsd. 

Stenopara sp. 

» Pal. Jnd., Kew Ser. Vol. XIT, 4 ( 1928 ). 

a «€C., XL. 233 ( 1910 ). 
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Brachiopoda— 

Synn^othyris nagmargensia Mid. and Bion, 

Spirifer {Nextapirifer) nitienaia Dien.» and two varieties, 

ft )f faaciger Keys, (perhaps equivalent to S, (N.) rnuaukheylenaia Dav.), 

„ „ kimaari Bion. 

„ (Spirijerellti ?) atokesi (Koenig), var. australia Mid. and Bion, and two other varietiea 
Spifijerina cf. laminoaa McOoy, var. sterlilamakensia Tschern. (possibly indentical with tha 
Bren »Spur form, duodecimrostala McCoy). 

Productua {Buxtonia) acabnculus Mart, (perhaps equivalent to Cowper Reed’s P. (B.), 
kashmir icua), 

„ {LinoprodiicUis) linpjitiia Waag. (perhaps referable to Productua (Tatniotherua) 
brenenaia Reed* 

„ undatna Defr., 

Didasma sp., 

Streptorhynchus bioni {/) Reed, 

Cfwmtea sp. 

Laniellibranchiata— 

Jjhm sp.. 

Pinna sp., 

JJeltopecten cf. illauarcnsis Mor. (probably indentical with Cowper Reed's AviculopecUn cf. 
mitehelli). 

From tho Agglomoratic Slate of tlie Bren spur near Srinagar, a fauna difTering 
from that of some hu'alitics in the same series, is probably more or less equivalent 
to the Nagmarg fauna or zone of Syringotthyris naganargi nsis. Fossils have been 
collected from six or s(‘von difTerent levels and detenninod by Dr. Cowper Reed ; 
they may be grouped under three zones which, ho\ve\er, shiiw but .slight or incons¬ 
tant faunistic distinctions.- 
Zone(c)** 

Bryozoa— 

Penestelh ? of, fa^snl'i, Lonsd. (Fenealrellina), 

Stfinojjora of. crinila J<oiim(1. 

Crinoidea— 

Crinoid stem joints. 

Brachiopoda— 

Priiuclus (Cancrinella) cf. koninckianva do Vcni., 

,, {Taeniotherus) permixtua Rood (ro.seinhlcs P, subquadnitua of the Australian 
“ Permo-Carboniferous ”), 

„ „ hrenensis Reed (perhaps mensly a variety of the preceeding), 

„ {Buxtmia) kaahmiricua Reed, and a variety. 

Slrophutosia cf. ctarkai Ether. 

„ cf. gerardi King, 

Streptorhynchua of. hallianua Derby ? (perhaps equivalent to Derbyia barlensis Reed, frona 
tho Lower Productua Limestone). 

Jihynchonella cf. jukesi McCoy., 

Spirijer {FuaeUa) cf. avlcula Sow. 

hS'pirifer {Neoapirifer) fasciger Keys, var. paucicoslulata Reed (a Chitral form), 

„ „ hardmani Poord. var., 

„ {Brachythyria) danvini (Morr.) Salt Range (a species found also in New South 
Wales). 

„ {Neoapirifer) kimaari Bion, 

Spiriferdla peraonata Reed, 

Syringothyria nagmargensis (Bion), 

Diekiama of. lidarenar. Dieri. (perhaps identical with D, dadanense Reed from the Salt Rango 
tipper Carboniferous Eurydeama beds). 

Ofihia {HhipidomeUa) sp. (cf. 0. (Eh.) aualralia McCoy), 

Leptaena analoga (Phillips) (wide distribution). 


1 Pal Ind„ New. Ser., Vol. XX, ilfew. 1, p. 15 (1932). 
a Pal. Ind., Now Ser. Vol. XX, Mem. 1, pp. 6 10 (1932). 

* Mr. R. I>. Thompson’s Horizons B, F and G; Middlcmiss’ “ Locality 2 ” (1929) and hia 
Horizons 1, 3 and 4 of 1930. 
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LamaUibranchiata— 

Sanguinolites kaahmiricus Kced, 

AUarUma sp. 

licemia gracilis Dana, var., 

„ {?) arhitrata Reed, 

Conocardium sp., 

ParaUclodon cf. inicrrwpta <de Kon), 

Avictdopecten a£f. suhquinqutUntaJlua McCoy, 

lAmalylina aff. hrotowi (Stuck.) (Species found in the Upper Carboniferous of Russia.), 
Aatartila elusa Reed, 

„ transversa Dana, 

Pleurophorus cf. tropidopkonts Meek (Species found in the Upper coal measures of Kansas.), 
Procrasmtella brenensis Reed, (peculiar species), 

,, irUermsdia Reed, (peculiar species), 

Palaeocorhula difficilis Reed. 

Castropoda— 

Pleurotonmria aff. conglobaia Wanner (Species found in the Permian of Timor), 

„ cf. eugli/phm Girty (a Pennsylvanian form), 

Modiota sp., 

Bueania cf. warthi Waag. (a Salt Range form), 

TropidoeycluB sp., 

Euphemus carbonarins (Cox) well-known in the Upper Carboniferous of N. America, found 
also in Peru, Chitral and probably the Salt Range). 

Warthia micromphala (Morris) (found also in New South Wales), 

BracEi^poSISr^ 

Strepiorhynehus hioni Reed, 
iSyringothyris nagnmrqemis (Bion), 

Spiri/er (Spiriferella ?) cf. sloleesi (Koenig) var. A. (Bion), 

„ (Neospirifer) hardniam Foord, var. 

„ {Neospirifer) fasciger Keyserl., var. atistralis Foord, 

Spiriferina duodecimeostata (McCoy) (an Australian species), 

Martiniopsis sp,, 

Beticnlaria kashmirim Reed (Perhaps identical with New South Wales form). 
Lamellibranchiata— 

Sanguinolitea kashmirieva Reed; probably identical with a shell from the Conularia stage 
of the Salt Range figured and described by Waagen as Eanguin>olilejt cf. teniaoni de 
Kon.; Cowper Reed doubts the alliance of the latter with the true S, teniaoni of the 
New South Wales “ Permo-Carboniferous 

Leda {Nncidana) thompaoni Reed (suspected of being identical with N. baaedou'i Kthei*. 
from South Australia, or with Tdlinomya etheridgei Johnst, from Tasmania), 

ParaUdodon hrenenaia Reed, 

Aviculopecten cunciaJtua Reed, 

Eurydesma cordotum Morris, var. mytiloides Kced, 

,, „ „ „ compreaaa Reed, 

„ „ „ „ suhqiuidrata Reed, 

„ cf. globoaum Dana, 

Procraaaatella hrenenaia Reed, 

„ intermedia Reed, 

OrioerasacUeUa lapidaria Reed (genus purely Australian and Indian), 

Astartila ovalia (McCoy), 

„ cf. corpulenta (Dana) (including the doubtful Pac 1 iydoviv>a aacctdiia McCoy), 
Mytiiomorphn translate Reed. 

Gastropoda— 

Pleurotomaria hrenenaia Reed, 

„ cf. nnda Dana (a Salt Range form), 

Bnoania cf. warihi Waag. (a Salt Range form). 

Zone (a)< 

BryozoS^^"^ 

ProUtretepora ampla Lonsd. 
fSUnopora cf. gracilis (Dana), 

FeneateUa {Fenealrellina) cf. foaaula Lonsd. 

„ cf. ifUemata I^sd. 


' R. D. Thompson's Horizons B, C and D ; Middlemlss,’ “Local ty ( 1929 ). 
* Thompson s A and A2; Middlemiss’ Locality bslow No. 1 ( 1929 ). 
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Brachiopoda— 

Spirifer (BrachythyriM) darumi (Morris). 

Lamellibraooh iata— 

Eurydesma cordatum Morris, var. wytiloides Reed, 

Sanguinolites {?) cf. carinatus (Morris) (probably idoiitJcal with a form described as Pachy- 
domua {Mceonia) carinatns Morris from Australia). 

Aviculopecten cf. mitchelU Ether & Dun. (species found in Australia). 

Plantae—Fragments of Wood— 

The differences between this fauna and that of Nagmarg are exaggerated 
by the small number of brachiopods and the prominence of the mollusca 
in the former, and may be due as much to accident in collecting or a 
slightly different environment resulting in a different biological facies, as 
to any small difference in stratigraphical horizon. This fauna shows a close 
resemblance to that of the Conularia ])eds of the Salt Range, the most noticeable 
difference between the two being the apparent absence of the genus Conularia in 
the Kashmir beds. J)r. Cowper Reed is inclined to assign the Agglomeratic Slate 
faunas of Nagmarg and the Bren spur to the Upper Carboniferous, but at the 
same time remarks that they have some noticeable but limited relations to the 
Lower Productus Limestone of the Salt Range. It is probably near the truth to 
say that the faunas so far discovered in the Agglomeratic Slate range from 
Upper Carboniferous to Lower Permian, and that the mass of the Agglomeratic 
Slate belongs to a period straddling the Middle Carboniferous, Upper Carboni¬ 
ferous and Lower Permian. 

(II) THE PANJAL TRAP. 

The Panjal Trajj forms a series of altered lava flows, consisting for tie most 
])art of basalt.s or of what have been called basic pyroxene andesites,^ of mean 
specific gravity 2*85. Compact and amygd aloidal varieties are equally ((mnion 
and some are porphyritic. 

Lydekker notes the not infrequent presence of large, isolated, pear-shaped 
amygdiiles of chalcedony reaching 2-3 inches in length, and the vsaiue authority 
records a finely porphyritic variety of the trap from the vicinity of Srinagar, epido- 
tised and partly metamorphosed.® The traps vary somewhat in texture but the 
coarser varieties may be intrusive sills. Externally the rock has a fresh a.spect, but 
under the microscope extensive changes are visible* and are usually sufficient to 
disguise its original composition. The primary constituents are plagioclase and 
augitc, lying in a fine-grained semi-crystalline, seldom glassy groundmass, with 
magnetite and ilmenite as the important accessories. The lath-shaped plagioclase 
felspars have suffered widespread alteration to epidote, zoisite and oalcite; the 
augite, which originally occurred in rounded irregular grains, or rarely in plates, 
has been almost entirely replaced by epidote, or sometimes by chlorite. Olivine is 
absent. Veins, threads and vesicles of epidote are everywhere apparent. If any 
zeolitic infilings of the amygdules ever existed, they have been replaced by chalce¬ 
dony, jasper, chlorite and epidote. Glomeroporphyritie structures in the form of 
stellate aggregations of felspar crystals (the “ISuleimanite ’ of Verchcre) have been 
recorded in the Nagmarg, Shamsh Abari and other areas. There is no sign of any 
appreciable magmatic differentiation in the traps, and they appear to have possessed 

I D. N. Wadia. Mtm. LI, 239 ( 1928 ). 
s Mtm. XXII, 218 ( 1883 ). 
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the high degree of liquidity of basic Hows, thoir coinpositioji showing a remarkable 
uniformity. Individual flows are often markedly lenticular, but in other places 
may be found a continuous succession of thin flows extending for miles. Unusually 
basic and acid I'ypes, however, have been noted in the Baramula district by Dr. 
Coulson ; the former as epidotised, serpentinised rocks wifcli a silica pcj’centage as 
low as 43*3 and the latter in the form of devitrilied and otherwise altered toscanites, 
accompanied by acid tuffs. ^ 

Inter-trappean sedimentary ])eds occasionally inte«rupt the monotony of the 
flows, and ashy layers are in some places, as for inst ance in the Pir Panjal, fre¬ 
quent at the top of the scries and locally attain cojisidcrable thickness. These ashy 
layers are woll-laminated, bright-coloured, variegatcil and mottled, the usual colours 
being purple, buff and green ; they are often veined by steatite and, like the top 
beds of the trap itself, are sometimes siheifled. in the Tosh Maidan area of tlie Pir- 
Panjal the traps, which, incidentally, are faulted up against, the Upper Trias by a 
cross fault, include jiear tlicir upper limits some ddu- lOO feet of pur])Ie conglo¬ 
merates and grits interijedded to some extent willi the lra,ps.“ 

The interl)odded sodimentarics consist prin(u])ally of unfossiliferous ludVa- 
Trias limestone or fossiliferous Triassic limestone, and v/er«' at first siispiMjttMl of 
being tlio cores and tips of sliarply folded syia lines inroiviiig the trajrs and the 
limestone. In the Panjal range and the Kagan valley of Tlazara, however, the 
interbedded limestones in the body of the tra]>, a.ccording to Wadia, show inter¬ 
calary junctions at both the top and bottom. In the Panjal range of the Uri 
district, there is, in more or less constant association with the Panjal volcanic, 
system a limestone attaining a maximum thickness of over 1.000 feet but showing 
rapid constructions and swellings ; the rock is not only interbedded with tidn 
lava flows or with altered ash beds, but is itself often charged with ashy mattei-*. 
A few comminuteci fossil shells in this limestone suggest a Triassic age. In the- 
jKagan area, 50 to 200 feet of a white, compat^t. well-bedded, unfossiliferous lime¬ 
stone of Infra-Trias aspect are seen to be sandwiched for many miles between the 
Agglomeratio Slate and the Panjal Trap, biit often transgressing one or the other 
boundary. At Ambersilwara, (Imselwara, imbersilwar), west of the Wular Lake 
a thick lenticular patch of what is apparently Triassic limestone, crowded with 
crinoid stems, and from 200 to 300 feet thick in the middle, is clearly underlain, 
and overlain by a great thickness of traps along a gentle plane of dip ; the upper 
junction is not clearly exposed but from the underlying traps there is, according 
to Wadia, a perfectly gradual passage into the limestone which, at its base, is full 
of ashy material. A similar intercalation of mmdi the same maximum thickness is 
seen in the Erin valley, to the northeast of the Wular Lake; in this case the trap 
above the limestone, which is Triassic in type is some 8,000 feet thick, and towards 
its top shows a transgressional passage into sandy shales i>ossibly referable to the 
Anisian or Muschclkalk, and thence to a thick succeeding bed of massive Upper 
Trias limestone, containing a little above its base a lenticular sill of the same trap^ 

Between Bandipur and Tragbal, the thickness of the Panjal Trap has been 
estimated at between 5,000 and 7,000 feet or even more.* In the vicinity 0 £ 

« C. S. Middlemifls. Rec. XLI, 131 ( 1911 ). 

» Rec, LXVIII, 164 ( 1934 ). 

* Rec. LXVIII, 159 ( 1934 ). 
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Gulmarg it exceeds 6,000 feet/ while in the Erin valley it must be appreciably 
greater than 8,000 feet, according to Hioii.-^ 

The Panjal Trap is described as building fine walls and precipices of rock whi(;h 
fill the ravines at their feet with enormous lihxdcs and bouldiers. Its topography is 
characterised by bare, bold, sharply rugged outcrops, with abundant screes and 
gigantic landslips. On the shores of the Wular Lake, the weathering of the trap 
recalls the lateritization of the basalt of the Deccan plateau in its change to a deep, 
brick-red clay and ferruginous s'oil-cap. Spheroidal weathering is sometimes seen. 

(Ill) STRATIGRAPHICAL limits of the AGGLOMERATIC SLATE 
AND THE PANJAL TRAP. 

Not ojily is the thickness (jf tluj Agglomeratic Slate very varia])Ie, but so is 
the lowest stratigraphical horizon at which it appears in difierent sec-tions. ac.cording 
to Mr. Middlemiss. In Alarbal, for instance, this lower limit (joincides with tht? 
lower part of the Middle Car'honilerous or Moscovian ; in the Lidar \ alley it corres¬ 
ponds to the upper part of this stage ; in tlic Nagniarg area it corresponds to the toj> 
of the Uralian or jxvssibl}" the bottom of the Artinskian, thouirh lower ])eds may 
here be hidden by unc.onf«.»rin.al>le overlap. At th<‘ top of the Nagniarg outcrop of 
Agglomeratic Slate is a thin layer of she.- • whieh were*. -oIKm t(‘d sp<.‘i;iinons of 
Ganfjamo'ptanHj aiid /,///v/y/.- - l>e(ls ivfej’ablo ])rooal)Iy to the 

Uralian and equivalent to similar beds on the. lli';in spur in the Uuryul ravine. 
The more intense outburst s of volcanic activity date generally from the end of the 
Uralian. 

Middlemiss remarks that *‘if tlie beginnings of vulcanicity in this regifm may be 
presumed to have vari(;d so widely at diiterenl places tliiring the Carboniferous 
period, the end of it, as marked \>y the uppermost layers of the l^injal Tnij>. shows 
an even greater variability. Uor iiistamfe, in some few places {e.g. Khunmu) the 
top bed of trap forms a floor for the Gondwana Gmtgnhioptcria lieds, though more 
generally it has shifted a little higher to the base of the marine Zewau series 
(Permian), as found over most of the valley part of Kashmir."** 

Along the northern flank of the Baasmai anticline, J^ion found a distinct inva¬ 
sion of the Zewan (Lower and Middle Permian) by the Trap, the iippo]* surface of 
the latter shifting upwards to higher levels within the Zewan beds and cutting out 
the two well-marked and elsewhere constant fossiliferous horizons of ''Spinfer rajah'' 
and Proltoretepora amphi, the Zewan at the same time being reduced in thickness 
from 250 feet near Sonamarg to 50 feet farther northwest. Actual proof of this 
invasion is recorded in a bed of the trap, 200 feet thick and amygdaloidal in character 
interbedded with the Zewau strata in the form of a wedge emanating from the main 
mass of the trap. According to Middlemiss, the upper limits of the Panjal Trap 
show a still more marked encroachment to the northeast of the Wular lake where 
it appears successively in contact with the Lower, Middle and Upper Trias, large 
patches of these rocks lying entirely enclosed within the outcrop of the trap. Two 
of these outliers, one at Ambersilwara west of the Wular lake, and the other in the 
Erin valley to the east of the lake, have already been mentioned. Vulcanicity in 
the Shamsh Abari and Gulmar areast did not end until well into the Upper Triassic 
period.^ 

iR 6 c.,XLT, 131 ( 1911 ). 

*D. N. Wadia. /?€C., LXVTIT, 162 ( 1934 ). 

» Pal. Ind. Now Sor. Vol. XTI, 13 ( 1928 ). 

• J>. N. Wadia. LXVIII, (161 ( 1934 ). 
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Bion*8 work has shown that between the Lidar valley and the Wulai Lake the 
Panjal Trap varies in horizon from pre-Premian to the base of the Upper Trias. 
The lavas, some of them amygdaloidal, accompanied by beds of ash and pumiceous 
material, dovetail with sediments of varying age, although obviously belonging to 
one connected and continuous phase of v'-olcanic activity. 

The significance of this behaviour of the tuffs and traps cannot be better expressed 
than in the words of Middlemiss who remarks ;“A11 this would seem to point to an ex¬ 
tended phase of vulcanicity, cutting obliquely through the time-scale as represented 
by standard fossil zones and by well-defined sedimentary series ; so that, having 
begun at one locality in Middle Carboniferous times, this extended phase of vulcani¬ 
city eventually ended elsewhere in the same neighbourhood at the close of the 
Middle Trias period (at the early part of the Upper Trias). Estimated by any avail¬ 
able standards for those ancient times, this must have covered a very long period, 
during which the agglomerate and the erupted basic lavas had this peculiarity 
that the type of volcanic rock did not change and did not alternate with anything 
else, except very locally. We appear to be required to believe that whilst changes 
in the marine faunas were so marked during those epochs that, for instance, whole 
types of Spirifers appeared, spread themselves over the earth and one by one dis¬ 
appeared, and that similar whole types of Ammonoidea went through the same 
elaborate processes of world-wide development and extinction— whilst all this was 
taking place (slowly, we can only think), the Panjal Trap kept up a persistent and 
uniform emission of the same unchanged magma, the relics of which are now found 
as one coherent block of bedded trap.”^ This iclielonmmenl of Panjal vulcanicity 
thr ough the various geological epochs has been graphically illustrated by Wadia-^ 
(iSce fig. 16). 
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It is difficult to picture such a continuous volcanic effort spread over this long 
interval of time, nor does it seem possible to take refuge in a refusal to believe that 
the Trap was poured out over the surface cither of the land or of the sea bottom 
and was not intruded as sills during some later period such as that of the Rajmahal 
or the Deccan Trap, for all those who have examined the Panjal Trap are agreed 
that the great bulk of its effusive. This being so, the Panjal Volcanic system was 
not only a volcanic facies of the marine Permian, and Lower and Middle Trias of the 
more eastern areas (Vihi, Lidar, Banihal, etc.), but accompanied the deposition of 
Middle and Upper Carboniferous limestones. 


1 Pal. Ind. New Ser., Vol. XII, 13 (1928). 
• Rce.LXVIlT, fig. 3, p. 168 (1934). 
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OV) PANJAL INTRUSIVES. 

In the Lolab and Hundwara district of Kashmir and elsewhere, a genetic connec¬ 
tion is to be noted between the amygdaloidal lavas, of the Panjal Trap and the 
numerous dykes of dolerite injected into the Silurian and older Palaezoic rocks of 
the region. In these hypabyssal roots of the eruptions, solne of them of considerable 
size, uralitisation has been complete and universal. 

Through the axial zone of the Panjal range, laccolitic bosses of coarse gabbro 
and norite have intruded the Agglomeratic Slates ; one of them, just east of the 
Panjal Pass is two and-a-half miles in width. Closely associated with these bosses 
is a group of sills and large sheets of dolerite, much of which has been altered to 
epidiorite ; examples of these arc well exposed in the gigantic precipices on the 
southwest side of the crest of the range. Finally, there is an extensive system of 
smaller dykes and sills of lamproj)hyre traversing the Agglomeratic Slates as well 
as the older Dogra Slates, chiefly along their cleavage planes ; the smallest of these 
have been so altered a s to be scarcely distinguishable from the country-rock invaded. 
Most of these intrusive rocks, including even the coarser types, have been extensively 
uralitised and chloritised. About two miles west of Hurapor (Hirpur), the gabbroid 
sills in the Agglomeratic Slates can be traced into actual connection with the lava 
of the Panjal Trap.’ 

Intnisive into tlie Hazara Slates, the Tanawal quartzites and the Infra-Triai 
of the Hazara district, thc^re are a few basic trap dykes, usually doleritic in character 
but grading in meta morphic stages to a hornblende schist; the latter type forms the 
edges of a dyke cutting through the gncisso^ic granite of the Indus river. In texture 
there is variation from a moderately coarse dolerite to a fine aphanitic rock, but 
the rocks are all dyke rocks and there are no corresponding flows of Panjal trap ; if 
any of the latter ever existed in this region, it has been completely removed by 
denudation. The basic dykevs of Hazara cover no large surface and are described 
as roughly parallel to the foliation of the intruded rock.* 

(V) SOME INDIVIDUAL OUTCROPS OF THE PANJAL VOLCANICS. 

Lidar valley. —Enoriuous tliicknesse^ of the Agglomeratic Slate are found in the 
Lidar valley and since they constitute part of a normal anticlinal sequence, forming, 
one of the crescentic outcrops wliich characterise the pitching anticline northeast 
of Islamabad, any reduplication is unlikely. Except for a few crinoid stems near 
Trahal, no fossils have been found in this series in the Lidar valley. The beds are 
described as passing down into the Fcnestella Shales and as being interbedded with 
the succeeding Panjal traps ; the latter in turn underlie Lower Gondwana. beds and 
these are followed by the Zewan beds. 

The Panjal,Traps of the Lidar area arc described as distinctly bedded and very 
massive, with frequent amygdaloidal bands. As in the case of the Agglomeratic 
Slate, many thousands of feet appear to be exposed in normal sequence. None of 
the trap in this area appears to be porphyritic. Dykes and laccolithic masses of 
probably the same magma are seen cutting through the Agglomeratic Slate on the 
one side and the Fenestella Shales on the other ; one dykes is seen catting the Lower 
Trias.® 

1 D.N. Wadia, Mem., LT, 221-223 (1928). 

» C.S. Middlemiss. Mem., XXVI, 76 (1896). 

» Rec., XU 236 (1910). 
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Marbal Talley area. —^The Marbal valley anticline lies southeast of Islamabad 
pitching gently northwest, en echelon with the Lidar valley anticline, the country 
between being complex in structure. The Miith Quartzite is absent, though 
present in the neighbouring anticline to the northeast. Here again, the core of the 
fold is made up of the Silurian slates, on which rest 500 feet of the Syringothyris 
Limestone. The latter passes up regularly into an equal thickness of interbedded 
black shales and quartzites belonging to the Fenestella series. Next in regular 
sequence, and in very great thickness, comes the Agglomeratic Slate, which in a 
few places contains unusually large blocks and boulders reaching the size of a man’s 
head. 

In the vicinity of the Lidar and Marbal valleys the type rock of the Agglomera¬ 
tic Slate has been found to diminish rapidly in varying degrees until reduced to a 
few thin layers intercalated with sandstones and ordinary black slates ; it is in such 
areas that fossils have been found in somewhat greater profusion. 

Banlhal area. —South of Islamabad, just below the Banihal Pass in the Pir- 
Fanjal, is a similar but wider anticline pitching towards the northwest. The 
Agglomeratic Slate, however, is here relatively thin while the Fenestella Shales are 
correspondingly thick; the two stages in fact seem to be compensatory one towards 
the other, a view supported by the similarity of the fauna of the lower parts of the 
Marbal Agglomeratic Slate to that of the Fenestella Shales of the Lidar valley. 

Basmai-Kolahoi. —Northeast of Srinagar, the Agglomeratic Slate and Panjal 
Ttap are exposed in an anticline pitching in a southeasterly direction towards the 
peak of Eolahoi (17,830 feet). According to Meddlemiss and Bion, this anticline 
is parallel to the Lidar anticline, and by pitching in an opposite direction, is comple¬ 
mentary thereto. The intervening area, covered by Panjal Trap, is bent into two 
synclinal troughs or basins carrying Permian and Triassic strata. The Agglo¬ 
meratic Slate is overlain everywhere by the Panjal Trap. Below, the Fenestella 
Shales appear to be absent, and for the most part the base of the Agglomeratic 
Slate, in the form of a pebbly conglomerate, rests unconformably upon the Syrin¬ 
gothyris Limestone. According to Meddlemiss and Bion, the Panjal traps overlap 
not only the Agglomeratic Slate, but the whole of the rest of Carboniferous system 
as well as the Muth Quartzite and, whether by overlap or faulting, lie directly upon 
the Silurian Slates for many miles around the periphery of the latter outcrop.^ 

Agglomerate is here subordinately developed. The lower part of the formation 
is characterized by conglomerates and agglomerates, the former being fossiliferous 
throughout about 2,000 feet of the sequence ; the upper part is composed of black 
elate without pebbles. Bands of trap are frequent, especially in the upper part; 
some at least are flows with the upper surfaces amygdaloidal, some may be sills, and 
the thin stringers are probably djrkes. The topmost layer of the Agglomeratic 
series, immediately below the Panjal Trap, is a black slate in which lie irregularly 
blocks of trap of all sizes. These are thought to be the result of lava flows and bombs 
entering a fallow sea, and are well seen north of the snout of the Eolahoi 
glacier where the trap in the slate is not unlike a pillow lava.* The Sind river 
gorge is said to cut through at least 6,000 feet of Panjal trap, which builds the usual 
precipitous crags.* 

1 De Terra infers that the oontaot between the Panjal Trap and the younger Palaeozoic 
rooks is largerly of ateotonio nature—^presumably a fault or thrust—and not due solely to 
nnoonlbfmity with overlap. Mem. Oonntct, Acad,^ VIII, Art. II, 26 (1985). 

sf al. Ind. New Ser. Vol. XII, 10 (1928). 

•Bso., XU. 148 (1911). 
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Nagmarg area. —Reference has already been made to the Nagmarg area, north 
of the Wular Lake. A great part of the Fanjal Volcanic beds must lie buried 
beneath the alluviiim of the Jhelum river and the Wular Lake. From Lydekker’s 
description, the Nagmarg horizons of the Agglomeratic Slate probably occur under 
the Fanjal traps near Xanjalwan on the Kishenganga river to the northeast! 

2!oJi La. —The Fanjal Trap is present near the Zoji La in a much crushed fold. 

Pir Panjal •—The Agglomeratic Slate and Panjal Trap are exposed along the 
•central axis of the Panjal, a range crossed on the journey up from Rawalpindi 
through the Baramula gorge to Srinagar. This range, rising to a general altitude 
of 16,000 feet or more, is continued to the northwest across the Jhelum river by 
the Eajnag range, and is obscurely connected towards the southeast across the 
Chenab river with the Dhauladhar range ; it is heavily wooded along its northeastern 
face up to the 12,000 feet level. The central line of culminating peaks forming the 
watershed, which wanders somewhat irregularly, consist either of Panjal Trap in 
both amygdaloidal and co^act varieties, or of Agglomeratic Slate, or in one or two 
places of metamorphosed Tanawal beds. Much of the jagged crest with its pinna¬ 
cles and peaks, including Tatakuti (15,524 feet), is made up of the Agglomeratic 
Slates permeated by intrusive sills of dolerite^ ; since they have shared in the 
isoclinal folding of the range, no estimate of their thickness has been found possible 
but in places the slates and sills are described by Wadia as forming clean bare 
cliffs 6,000 feet in height. Along the outer margin of the range, a constricted belt 
of this series fortns an interrupted inlier more or less enclosed in the Eocene or 
Falaeocene limestone outcrop. This inlier is in places flanked by small patches of 
Permian and Lower Trias, and towards the south is in contact on its northeastern 
side With the Dogra Slates (Parana) instead of the Tertiary limestone ; it forms 
part of a recumbent anticline which is more or less complete in both its limbs 
from the neighbourhood of Uri for sixty miles in a southeasterly direction along 
the foot of the range. 

The agglomeratic Slate which attains a thickness of thousands of feet in th^ 
Pir Panjal, is described as conspicuously interbedded with the Panjal Traps, the 
trap flows swelling out or disappearing within short distances among the Slates, 
where flows are absent, the Agglomeratic Slate is thicker, and the two t)rpes are 
to some extent compensatory. In fact, the superiority in age of the Agglomera¬ 
tic Slate over the trap, which is so clear in the Lidar valley area, is no longer, 
maintained in the Pir Fanjal, where the two form, as it ware, one outcrop 
where the lower contact is with the Tanawal series, as it is for about thirty miles, 
the base is frequently a conglomerate with a matrix much resembling the Agglo¬ 
meratic Slate itself. In the lower horizons also have been noted pyritous oasts 
of the zoaria of Fenestella and Protoretepora. Further north in this main 
exposure, it is the traps which are in contact with the Tanawals. Sedimentary 
interruptions, in the form of conglomerates quartzites and sandstones are record¬ 
ed in the Pir Panjal exposure of the Agglomeratic Slate formation. 

The Panjal Trap of this area forms a bedded mass, penetrated here and there 
by white quartz veins. Near Gulmarg it exceeds 6,000 feet, but within the confine 
of Punch the thickness is not more than 3,000 feet.^ A fine section is seen in the 
Mandi gorge, east of the town of Punch, where about 2,000 feet of steeply-dipping 
bedded flows are laid bare in precipices. 


» D.N. Wadia. Mem,, LI, 237 (1928). 

* C.8. MiddlemiBB. Etc,, XLI, 131 (1911). 
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The trap forms the summit zone from the vicinity of Qulmarg southwards 
for some miles, including the peak of Shin Mahinyu (15,113 feet) and others, but 
further in this direction it disappears from the crestal region, its place being taken 
by the Agglomeratic Slate. Where it accompanies the Agglomeiatic Slate to 
form an inlier in the Eocene outcrop, it rises steeply out of the Eocene limestones in. 
a line of rugged crags ; here it formed the old floor on which the limestones were 
deposited. 

Traversing the ill-deflned boundary line between the Tanawal outcrop and 
the Dogra Slates near Buniyar, southwest of Baramula, is a plug of gabbro 
surrounded by doleritic masses, the central plutonic rock changing gradually 
through moderately coarsesdolerite to fine*grainedamygdaIoidallava flows exhibit¬ 
ing a close petrographic resemblance to the Panjal Trap.' 

Shamsh Abari area. —In the Shamsh Abari syncline, the outcrop of the Agglo¬ 
meratic Slate is almost completely hidden in the western half by the overlap of 
the Panjal Trap ; in the eastern half the thickness is only 100-200 feet. 

Gorais area. —In the Gurais valley, on the southern flank of the Great Hima- 
1 aya, the top flows and ash beds attributed to the Panjal Trap series over a consider¬ 
able stretch of country, are said to pass gradually up into the massive grey limestone;, 
of the Upper Trias with no indication of unconformity or mechanical contact; 
the Triassic limestones are described as crowded with pyroclastic debris.* Traced 
southeastwards, successive belts of Middle Trias, Lower Trias and Zewan beda 
emerge in normal order of succession between the Traps and Upper Trias ; in 
Gurais and also in Tilel these three series—Middle Trias, Lower Trias and Zewan 
have, according to Wadia, every appearance of being represented by a continua¬ 
tion of the Panjal volcanic period. As we have seen, in the Shamsh Abari area,, 
and to the south of Baramula, the Upper Trias lies on the highest traps. 

Devigarh.—Interbedded with the dolomitic limestone of Infra-Trias aspect 
at Sumlar, at the foot of the southern fault-cliff of Devigarh in the outer Himalaya 
of Jammu, are 150 feet of unaltered, black slaty, tuff, composed of glass with tiny 
crystals of felspar, quartz and biotite, and indistinguishable from typical Agglo¬ 
meratic Slate. 

Himalaya-Hazara Syntaxis.— The Agglomeratic Slate and the Panjal Trap with 
included bands of Infra-Triassic limestone, have been traced all round the syntaxial 
angle between the mountains of Hazara and the northwestern extremity of the 
Himalaya, and constitute the floor on which the Trias and Eocene were deposited. 
The Panjal Yolcanics here occupy the core of a great recumbent, disrupted and 
sheared anticline in which are also involved the Infra-Trias, Trias and Eocene. 
This anticline extends with almost unbroken continuity throughout the re-entrant^ 
though its northern limb is largerly over-ridden by sheets of the Salkhala schists 
and Dogra slates thrust from the north. In the most northerly section of the 
syntaxis, there are about 6,000 feet of the traps and over 3,000 feet of Agglomeratio 
Slate.* 


^Gen. Rep. Bee., LXV, 126 (1931). 

*The Panjal ago of these yolcanio beds needs confirmation. Very similar beds, a little 
farther east and northeast, originally m^ped asPanjal, are now known to belong to the much 
younger Dras Yolcanics of Cretaceous-Eocene age. Bee., LXVIIl, 165 (1934); IHd., LXlXr 
h (1936); Ibid., LXXn, 156 (1937). 

LXV, 210 (1931). 
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The most general sequence, given bj Wadis, is as follows: — 


(Trias) 

Epidotised, basic, amygdaloidal lava sheets, with thin beds of chloritised 
and epidotised ash, and intercalated bands and lenses of Infra- 

Triassio limestone. 2,000—5,000 feet 

A thicker band of whito-woathering, thin bedded, semi-crystalline, 

dolomitic limestone (Infra-Trias). 50—200 feet 

Agglomeratic Slate ; soft, dark, pyritous, imperfectly cleaved, glassy 
tuffs and quartz-agglomerates, interbedded with grits, tuffaoeous 
sandstones and conglomerates. The bods include some rare, badly 
preserved Fentstella-liikf^ fossil structures .... 3,000 feet 


{Base not seen) 

Hazara* —The Agglomeratic Slate extends westwards into the Bhagarmang 
range of northeastern Hazara, and northwards to the mountains of Kagan. Some 
basic trap dykes found seaming the Tanawals, Infra-Trias andNAttock Slates, 
but none of the younger rocks, in Hazara, probably belong to the Panjal traps, 
These dykes, varying from a moderately coarse dolerite to a fine aphanitio rock, 
are seen intruding both the schists and the gneissose granite ; Middemiss was 
of opinion that they cut through the Infra-Trias beds as well. There are no lava 
flows such as are seen north of the Dudatoli area ; all occurrences are in the form 
of dykes, though plutonic representatives of the latter are inferred to be present 
higher up the Indus. Along the edges of some of the foliated varieties of dykes 
cutting the gneissose granite, the rock becomes a hornblende schist. These narrow 
bands or dykes are as a rule roughly parallel to the foliation of the intruded rocks 
but sometimes cut across both the schists and the gnessiose granite intrusions. 
Ophitic augite is sometimes seen in the rock, and there is a fairly complete gradation 
from a plagioolase-augite rock to a true hornblende schist, A columnar variety 
of trap has been recorded. Some of these rocks are serpentinized and some are 
characterized by the presence of epidote. Foliated epidiorites are amongst the 
varieties. 

Chitral and Gilgit ,—Around the village of Mirkani in the south of Chitral 
nn agglomeratic slate, composed of fragments including rolled boulders and large 
angular blocks of volcanic rocks, passes upward through a slaty conglomerate into 
a grit, and probably represents the Agglomeratic Slate series of the Panjal volcanics. 
In places these beds are greatly crushed and cleaved. Above Badurgal, this 
agglomeratic slate is associated with trap, but the greater part of the formation 
is made up either of breccia or of conglomerate.* 

In the Yasin political district of the Gilgit Agency, a trap of Panjal type wa* 
traced by Hayden from Yasin village southwards to the junction of the Yasin and 
Ghazai (Ghizar) rivers, interrupted midway by intrusive granite. This trap is 
overlain unconformably by Cretaceous rocks. In one section the trap is in conteot 
with beds of crystalline limestone penetrated by veins of the volcanic rock ; the 
limestone gives place to a conglomerate which might represent the Aglomerati s 
Slate. These rocks were not observed in the Baroghil-Ailak area, forty or fifty 
miles farther north. 

Kanawar* —^The trap seen intruding the Lipak and Po Series in the Kanawar 
area of Bashahr may belong either to the Panjal suite or to the much younger 
Dras Yolcanics. 


*C.S. Hiddlemiss. Jfem., XXVI, 75 (1896). 
•8.W. Visser. i?eo., XLV 278 (1915). 
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Traps of Mandi.—-Under this heading may be mentioned the traps of Mandi 
Slate, which have been described by Col. C.A. McMahon,^ and have been found 
by Dr. W.D. West to resemble macroscopically and microscopically the Panjat 
Trap. These rocks build up the ridge to the east of Drang and are seen in the bed 
of the Suketi at Mandi town in the same line of strike. 

The traps of Mandi are composed of altered basalts, mostly of a greenish grey 
colour, and include both compact and amygdaloidal verities ; the specific gravity 
of the compact types varies frdm 2*83 to 2*93. The groundmass is cryptocrystalline 
in some sections but forjbhe most part consists of what is probably a glass devitrified 
to an opaque, amorphous mass of viridite and leucoxenc. Two generations of 
felspar are visible in some slides, one comprising as immense profusion of minute 
needles, the other composed of lath-shaped crystals of decomposed plagioclase,. 
mostly labradorite of some size. The felspar phenocrusts ar e sometimes stellately 
grouped, and cruciform twinning is occasionally seen. Augite is abundant; the 
crystals show much corrosion and often exhibit twinning. Megnetite seems to 
have been plentiful in the fresh rock and well-shaped crystals of epidote are not 
uncommon. Olivine has not been detected. A frequ ent constituent of the amyg- 
duels is quartz, sometimes with a lining of epidote ; the quartz may show liquid 
cavities with movable gas bubbles. Delessite, viridite, scolecite and calcite are 
other material found filling the amygdules. 

The traps of Mandi are probably continuous with a volcanic band observed by 
Dr. West north of Simla. At Kaslog the rock, whose outcrop is here nearly a mile 
in width, is sufficiently unaltered to be recognised as a volcanic rock ; southwest- 
wards, its thickness decreases until the outcrop is cut out by the Shali thrust,, 
while east of Kaslog at Tatapani, it becomes reduced to a few feet and takes the 
metamorphosed form of a chlorite schist.* 

Dalhousie Area, Chamba. —Thrust over the Murree and 8?walik Tertiarjr 
belt in the Dalhousie area, and overlain by beds of the Chail series, is a 
thin bed of igneous rock which, though fresher than the average tyi)e, may belong 
to the Fanjal Trap ; its equivalence to one of the Dras rooks (Cretaceous to Eocene) 
is also a possibility. Southeastwards, it dies out and the Chails are seen resting 
on the Tertiaries.* The sequence in Chamba State which McMahon regarded aa 
Silurian and Carboniferous in age is assigned by West to the Chail series.* 

Simla, Chakrata, Tehri Garhwal and Garhwal.-— Among the doleritic and ba¬ 
saltic intrusions found among the unfossiliferous Himalayan rocks of the Simla 
and Chakrata area, it is difficult to decide whether they are of pre-Cambrian 
age or whether they belong to the Fanjal or to the Dras suite ; the latter is more 
or less equivalent to the Deccan Trap. As Dr. Auden remarks, in the present 
state of our knowledge, it would be almost as logical to deduce the age of the rocks 
penetrated by these intrusions as to deduce the age of the intrusions from that 
of the rocks they penetrate, Amygdalodial and esites and related intrusive diabases 
have been found by Auden associated with quartzites and limestones of possibly 
Fermian age^ in Tehri Gfarhwal and Garhwal. These extrusive and intrusive rocks 
may be equivalents of the Fanjal traps* or they may belong to the later Draa 
of Deccan suite. 

^Bee„ XV, 155-164 (1882). ~ 

•Bed., 73, 96 (1938). 

•Bee., LXIX, 11 (1935). 

•Bee., XIV, 306 (1881); Ihid, XVI, 37 (1883); Ibid. XVIII, 82 (1885); lUd, LXIX/ 
76 (1935). 

•Bee., LXIX, 134 (1935) ; Ibid. 73, 100 (1938). 
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Eastern Mghanistan and Russian Tarkistan«— In actual age, the Doab 
volcanic series of eastern Afghanistan spans a period considerably later than 
that of the Kashmir Panjal volcanics ; for that and other reasons it will be described 
under the heading of Gondwana (Rajmahal Trap). Griesbach’s plant bearing 
aeries farther west has associated volcanic rocks and probably includes represena 
tatives of the Doab. 

In Darwaz and other parts of Russian Turkistan, a similar volcanic series- 
eziats but here, unlike the Aighan area, the lowest beds are interstratified with 
the Fusulina limestones and approximate more closely, therefore, to the Panjal 
in actual age. 

Central Tibet. —Lavas and ashes very similar in appearance to those of th® 
Panjal Volcanic system have been observed by Sir Henry Hayden between Shen-ts® 
Dzong and Nan*dzum in Tibet, and persist ahnost as far as Mi-bar. Between- the 
Pa-ro Tsnag-po river and Chu-tra-ri, thin bedded, flaggy sandstones, not much 
altered, are described as lithologically resembling Gondwana beds.^ 


LOWER GONDWANA OCCURRENCES OF KASHMIR. 


Distribution and Stratigraphical position.—The discovery within Himalaya 
of the Glossopteries flora, one of the most important features, as we shall 
see, of the lower half of the great Gondwana system of Peninsular India, was 
first made by Dr. Noetling in 1902 at Khunmu in the Yihi Valley, fifteen miles 
southeast of Srinagar.^ Lower Gondwana plant beds, accompanied by marine 
Permian sediments up into which they appear to pass, have been found on various 
spurs overlooking the Vihi plain, both on its northwest and southeast sides, 
and in the hills to the east; an outcrop of them curves interruptedly round the 
northwest angle of the western peak, of Panjal Trap (9,707 feet), and has been 
traced thence northwards beyond Narastan. Similar Gondwana rocks have also 
been found along the southern edge of the Kamlawana peak of the same trap further 
to the southesat, near Pailgam in the Lidar valley, in the Nagmarg area north 
of the Wular lake, and in the Pir Panjal. The importance of these discoveries 
lay in the stratigraphical position of the plant-bearing strata below limestones 
with well-known Salt Range fossils of Permian age, disproving an early suggestion 
that the earliest Gondwana horizons belong to the Jurassic. 

The Gondwana plant beds of Kashmir occur as often above as they do belo^ 
Panjal Traps ; in view of the shifting inconstancy of these lavas as regards the^^ 
horizon this variation in relative position has no taxial significance. According 
to Wadia the matrix of these plant beds is without excepWn of volcanic origin 
and therefore an integral part of the Panjal Volcanic series. The plant beds may, 
in fact, be looked upon as belonging to the Agglomeratic Slate series and chiefly 
to the middle and top thereof. 

Vihi District.—On the Risin spur, the Gondwana beds are composed largely 
of tuffs and occur with a winding irregularity of strike but in a normal manner 
between the Panjal Trap, down into which they pass rapidly but not abruptly, 
and the Zewan beds of Lower and Middle Permian age.^ Resting on the trap 
which is here amygdaloidal, the lower beds of the series consist of shales, impure 


» Mem., XXXIX, 78, (1911). 

• Bee., LXVII, 334 (1933). 

® Gefht Bep*t 1903-3, 23. 

« D.N. Wadia, Fee., LXI 143 (1928). 
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in places, followed by black crystalline limestone silicified sometimes to black chert 
above come beds originally described as carbonaceous shales but since shown to 
be glassy volcanic tuffs of an extremely pure type and for the most part finely 
laminated, in which fragments of Gangamopteris fronds have been identified, 
with occasional thin bands of black crystalline limestone.^ Next come beds of 
limestone and chert, and finally more black, slaty tuff, in which have been found 
the plants, Gangamopteris kashmirensis Sew., Cordaites sp. (probably hislopi)^ 
and PsygmophyUum (?) sp., the fishes Amhlypterua Jeashmirensis Woodw. and 
A. symmetricus Woodw., ahd the labyrinthodonts, Archegosaurus omatus Woodw. 
and Actinodon risinensis Wadia & Swinton.* 

A mile or so to the northeast, in the Our 3 nil ravine, the Gangamopteris beds 
are very thin compared with those on the Risin spur, and comprise 6-10 feet of 
a white chalcedony (novaculite) lying upon amygdaloidal trap, surmounted by 
alternating “shale” and chert, some, if not all, of the former being glassy tuff 
and containing badly-preserved Gangamopteris remains. As compan'd with the 
Risin spur exposure, chert is more abundant and limestone almost absent. The 
beds are overlain by Zewan shale and limestone with bryo; 5 oa and brachiopods,* 
Although there is no discordance between the two formations, the rapid reduction 
in thickness of the Gondwana beds is suggestive of overlap, a suggestion supported 
by the discovery in one part of the ravine of the Protoretepora bed, the basal horizon 
of the Zewan stage, directly superposed upon a cliff of the Panjal Trap with a mere 
trace of the novaculite between.* 

On the Zewan spur, about two miles west of the Risin spur, tJie highly dipping 
Gangamopteris beds are over 200 feet thick. The lowest member is tluj white 
novaculite, which can be seen passing laterally into a limestone. Haydeh has, 
in fact, shown that the original rock was an oolitic limestone which together with 
the associated shales and sandstones has suffered partial silicification, the nuclei 
of the grains in these cherts were probably the tests of foraminifera, such as Endo- 
thyra, or plant fragments. The rest of the sequence consists of shales—some of 
them siliceous, some pebbly—^black tuff, chert and limestone, with a topmost 
bed of dark-coloured grit, the whole conformably followed by the Zewan beds. 
Black glassy tuffs near the base carry Gangamopteris Jeashmirensis Sew. in abun¬ 
dance, PsygmophyUum hoUandi Sew. and Cordaites (probably hislopi). The 
cherts, including the novaculite which is nothing more than a bleached chert 
were probably the products of Panjal volcanic activity. The silicification which 
the cnerts illustrate lasted throughout the Gangamopteris stage but is not seen 
in the following Zewan beds ; that it was proceeding during the early part of the 
Gangamopteris period would appear from the fact that pebbles of a chert exactly 
like that of the main band at the base of the stage occur in a pebble-bed low 
down in this section. From these Gondwana shales or tuffs Dr. Terra has obtained 
the labyrinthodon, Lysipterygium deterrai Branson.* 

On the eastern and southeastern edges of the Vihi pla in, the Gangamopteris 
beds are absent; at Bechpura, on the east, the lowest limestone of the Zewan lie 
directly upon the Trap, but with no discrodance. 


*Xhe tuffs which contain neither clay nor carbon, are wholly composed of glass particles 
with a few tiny crystals of felspar ; the black colour is said to be due to iron and bleaches rapidly 
on exposed parts. 

tjRec., LXI, 141-145 (1928). 

•H.H. Hayden. i?ee., XXXVI, 26-27 (1907). 

*0. S. Hiddlemiss, Eee., XXXVII, 306 (1908). 
sjCem. Comm. Aead., IX Art. 11, 23 (1935). 
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On two Bmall spurs to the south of the Trap peak of Kamlawan (8,588 feet), 
to the north of Islamabad 200-300 feet, of black glassy tuffs and siliceous shales 
with a few limestones are seen directly above massive trap. As at Bisin and Zewan, 
the tuffs and shales weather white, and are frequently silicified, as are also some 
of the limestone beds. Plant impressions, including a doubtful Gmgcmoptem 
have been found in the shales. The sequence here differs from the others by the 
fact that these plant-bearing beds are overlain by 200-400 feet more of the trap 
and fine ash beds; these volcanic beds, if the section be a normal one, would appear 
to take the place of the lower part of the Zewan stage, since they in thier turn 
are followed by massive grey bryozoan limestone with Camnrophoria, 

At Mandakpal, the bed of novae ulite is seen, but there are no siliceous shales 
or black tuffs with Gangamopteris. The novaculite is not observable a little to 
the southwest, but further on reappears on the Ludu spur where it is followed by 
Panjal volcanics ; traces of it arc visible on another spur a mile to the south. On 
the Barus spur one-and-a-half miles further south, overlooking the Jhelum, about 
100-200 feet below the uppermost Trap beds, is an interb(‘dded band of dark lime¬ 
stone, 10-20 feet thick, with obscure traces of fossils. It conforms in dip to the 
rest of the section, and is associated with some quartzitic and sbaly material. 
Upon the Panjal Trap above rest some much mixed layers of novaculite and lime¬ 
stone followed by cherty shales and a grey limestone full of a Productusol the 
lineaius group ; next comes a flaggy limestone with another small Produeus^ 
and a bed containing crinoid stems, wliich is capped by the Protoretepora bed 
poorly exposed.* 

Above the Nishat Bagh in Srinagar are to be seen 200-300 feet of fine slate 
with obscure plant-impressions, becoming quartzitic at the junction with the 
Panjal Trap which contains ‘suleimanite*. 

Nagmarg area. —In the Nagmarg area, to the east of Hundwara, many good 
sections arc exposed in the forest paths, leading from the Lolab river to the Wular 
Lake. The following generalized sequence was observed by Wadia lying un- 
conformably upon trilobite beds of Cambrian age*. 

Panjal Trap, beddod and amygdaloidal. 

Black, massive, shaly and gritty tuff, with fragments of Qangamopteru and GlouopUris 
Quartzitic agglomerate and sandstone. 

Grey and brown, coarse, soft sandstone with slaty bods containing several species of Fr#. 
ductus, Spirifer, Syringothyris, F'eneetella and Protoretepora. 

Amygdaloidal lava flows. 

Agglomeratic Slate, containing pebble and angular foreign fragments. 

Brown and grey sandy bods. 

Ooxiglomeratic sandstones, consisting of rounded pebbles of silicious rocks in martriz of 
loosely cemented sand. 

unconformity. 

(Cambrian rocks). 

Pir Panjal. —The peak of Tatakuti in the Pir Panjal, made up of Agglomeratic 
Slate dipping steeply to the northeast, is followed in this direction by an enormous 
thickness of Panjal Trap, upon which rest about 200 feet of characteristic Lower 
Gondwana carbonaceous shales of slates and dark quart zitic grits. Amongst 
the shales and slates occur the fronds of Olossopteris, Oarigamopteris, Psyg'mo^ 


? 0.6. Middlemiss. Rcc., XXXVl, 317 (1908). 
ffis., LXVIII, 154 (1934). 
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phyllum 0, Akthopteria 0 and other plant fragments. These Lower Qondwana 
beds are overlain by theZewan beds of Lower Permian a^e.^ 

At Apharwat, some four miles southwest of Gulmarg, Lower Oondwana planta 
have been found in contact with the Tanawal beds, and are said to pass into the 
Agglomeratic Slate.^ Here the section consists of about six feet of a basal 
conglomerate of trap pebbles, perhaps a representative of the Talchir conglomerate 
followed by purple and dark-coloured shales with Oangamopteris, Qloasoptena^ 
Cordaitesf, Tomopteris^ and Alethopteris of. phegopteroides Feistm. 

The occurrence at the Qolabgarh Pass forms part of a separate outlier echelonned 
on the main belt to the southeast and lying in the Agglomeratic Slate and fhe 
Fanjal Trap. At the Pass, the Qondwana beds, including plant-bearing members, lie 
between the Panjal Volcanics below and the Zewan beds above in a tight synclinal 
fold striking generally N.W.-S.E. The sequence here comprises (i) a basal con¬ 
glomerate lying on the Panjal Trap and ash beds, (ii) succession of siliceous shales, 
quartzites, carbonaceous shales and sandstones with a Lower Qondwana flora, 
(iii) soft, earthy calcareous sandstones and limestones with a typical Zewan fauna 
corresponding closely with the Quryul ravine section, and (iv) a thin-bedded 
blue-grey unfossiliferous limestone which is probably the equivalent of the Triassic 
beds found in the Quryul ravine. The Qondwanas of this area form a contrast 
in their thin-bedded character and occassional dark colour to the massive, enormous* 
ly thick and frequently pale-weathering Panjal Volcanics, the strong basal con¬ 
glomerate cropping out precepitously above the succeeding and more easily- 
weathered shales. 

The pebbles of the basal conglomerate, ranging up to the size of racquet balls, 
consist chiefly of compact, grey, chert-like rocks, the rest being of dark slate frag¬ 
ments with a sprinking of samll quartz grains. The beds shows no indications of 
discordance with the underlying trap.a This conglomerate, the homotaxial equi¬ 
valent of the basal Talchir boulder bed, has so far shown no signs of glaciation. 
In other words, the glacial phase of the Lower Qondwana in Kashmir, as in Spiti, 
appears to be represented by a conglomerate differing in no way from a normal 
conglomerate with water-worn pebbles. Bed No. (ii) of the above sequence com¬ 
prises about 180 feet of thin-bedded siliceous shales and carbonaceous shales, 
followed by some 400 feet of hard, grey sandstones, sometimes almost quartzitic, 
interbedded with numerous shaly horizons. One of the shale bands is crowded 
with plant remains some of them well preserved, consisting mainly of Psygmophy- 
llun hay deni Sew., Olossopteris indica Schimp., Cordaites hislopi Bund., and a 
doubtful Gangamopteris hashmirensis Sew. have also been recognised.^ In a 
higher shale band, Olossopteris is the prevailing genus, (0. indica) having been 
identified, as well as numerous extoples of Vertekaria indica Boyle and a doubtful 
^ CaUipteridium. There is no discordance, the sequence being a normal consecu¬ 
tive superposition of beds passing by gradation from one into the other, with no 
stratigraphical break and no sudden variation in dip angle, up into the overlying 
marine beds which form the base of the Zewan series. 

Flora and faima of the Plant Beds.— The flora and fauna of the Kashmir 
Plant beds, although so meagre, is of considerable interest. Ghssopteria indica 
and Vertebraria indica are species which range from the Talchir to at least the 

% C.S. MiddleiiusB 124-26 (1911). ^ ~ 

, Fso., 72,77 (1937). 

! 0.8. Middlemiss Rec., XXXVII, 292 (1908). 

4 iLO. Seward Pal. Jnd,, New Ser., Vol. IV. Mem, 3, p. 2 (1912). 
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end of the Damuda, probably to the end of the Lower Gondwana. Gangcmoj^teri^ 
is typical of the lowest horiz^ons of the Gondwana system in India and of its equi¬ 
valents in foreign countries. Psygmophyllum, a genus foreign to the Glossopteris 
flora of the southern hemisphere and a typical northern foim, is consistent with 
any horizon from Lower Carboniferous to Permian. The exact significance of this 
statement will appear in a later chapter ; suffice it to say here that Psygmophyllum 
is well represented in the northern continent of Angara land which stretched from 
the Urals to the Pacific. The only other species of this genus known definitely 
to occur in Gondwana strata is P. hidstoni from the Lower Karroo beds of Vereenig- 
ing in South Africa. Cordaites has much the same range as Psygrnophyllum^ 
The Callipteridium has been compared with another northern form, the Permian 
species Callipteris conferta Brongn.^ Prof. B. Sahni notes the close similarity 
of Qangamopteris hashmirensis to a'foreign immigrant in the Angara flora, ‘*Olos8op- 
tern an^orictt”, which he believes to bo a, Oangamopteris.'^ The fishes and the 
labyrinthodont Archegosaurtis ormtus belong to typically Lower Permian horizons, 
though Amblyptems has been found in the Coal Measures of France and Belgium. 
There is nothing against either a Talchir or lowest Damuda (Karharbari) age for 
these beds*. There are here indications of a more equable^ climate than that which 
prevailed in the interior of the Gondwana continent. 


PERMIAN MARINE SEQUENCE IN THE PUNJAB HIMALAYA 
AND EASTERN KASHMIR. 

Spiti and Rupshu. —The Kuling .system is a teim aco] ted I'V Hayden for the 
sequence following unc onfoin ably the Kam.war mttm in and Muceeded 
by beds with Lower Tiiassic fos.^il.s. The ba.‘al congicmerate of the Kuling was 
regarded by McMahon and R.D. Oldl.ani as the eqiiivalmnt of the Blaini conglo* 
merate of the Simla area, but this correlation has never b^en definitely substan¬ 
tiated and Hayden prefers to a.ssigu it to the base of the Permian and .speaks of it 
always as the Permian conglomoiato. Accepting tl is fufigLmint, the Kuling 
becomes synonymous with the Ptrmian systini ; it may be £i.ldivid(d 
as follows 

f (ii) Xenaspis dk Cyclolobus "I 

f (c) Productus Shales* ^ stage. VUpper Permian. 

\^{l) Marginifera hima- J 
layef^s stage. 


Kuling 

system 


(6) Calcareous Sandstone, with Spirifer musakheylenBis 


and marccui. 


Middle Permian 

(transgressing into 
Lower Permian). 


1(a) Conglomerate and Sandstone. Lower Permian. 

The lowest or Conglomerate and Sandstone series marks the position of a great 
unconformity extending from Spiti to Kumaon, a break in sedimentation which 


1 Pal. Znd., New Ser., Vol. IV, Mem. 3. p. 4-3 (1012). 

• Proc, 13th Ind. Sci. Congr. 241 (1926). 

s Omitting the suggested presence of Qinkgo, which is probably a mistake. 

* Corresponding to Stoliezka’s **Kuling series*' with some Triassio rocks removed from 
above and some Carboniferous from below Stoliezka's **Kullng Shales ’ ’ include the Plx>ductiia 
Shales, (a), and some Lower Triassio shales of rather similar appearance in Spiti. The classi* 
fication has been further confused by Lydekker who mapped the Syringothyris limestone series 
in Kashmir under the Kulingsystem though now proved to be separated therefrom by many 
thousands of feet of Fenestella Shales, Agglomeratic Slate and Panjal Trap. 
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is represented in parts of Kashmir by the Idtwer horizons of the Panjal Volcanio 
beds. This Spiti conglomerate, though not itself known to be a glacial deposit, 
was thought at one time to be the Blaini conglomerate and, therefore, of Talchir 
or Upper Carboniferous age. Elsewhere, however, what are believed to be its 
equivalent occur stratigraphically above plant beds'which are not older than Upper 
Carboniferous and may even represent the lowest Permian. The Conglomerate 
and Sandstone series varies in character and thickness, and high up on the slopes 
between Lanjarse and Po, and again in a section above Pomerang a few miles 
further west, it has the appearance of passing down into the Penestella Shales ; 
the later here contain near their upper limit beds of grit and 20 feet of a coarse 
conglomerate which is overlain by another bed of shale followed by a great thickness 
of grit, quartzite and conglomerate, belonging to series (a)i. The grits, 
which may be coarse or fine, consist of angular and rounded fragments 
of shale and limestone embedded in a coarse slaty matrix. The conglomerates 
comprise boulders and pebbles of various sizes, ranging up to a foot across, embedded 
in gritty or sometimes a slaty matrix. 

These grits and conglomerates, in a crushed condition, have been recognised, in 
Kupshur, eastern Kashmir. Here they are well exposed in the Pang-po river and 
the valley of the Chepzi, and can be traced along the hills on either side of the 
Para river near Chcpzi*. They are succeeded by the Calacareous Sandstone series 
(6) in the form of calcareous schists and crushed limestones full of crinoid stems ; 
this series is well exposed in the Para river near Sitang Gongma, and is followed 
by dark slates containing badly crushed but recognisable Products Shale fossib. 

In lower and upper Spiti and in Kanawar, the two upper subdivisions (6) and 
(c), are underlain by the conglomerates of the basal subdivision ; in other parts 
•f this region they rest on the Ordovician quartzite or, as in the Thanam valley, 
•n the Silurian limestone, or again as in the Pin valley, on the Syringothyris Lime¬ 
stone. The calcareous sandstone of series (6) is in its lower part coarse and conglo¬ 
meratic. It is everywhere fossiliferous, but the fossils are badly preserved ; the 
following forms have been identified by Dr. Diener from this fauna, which is poor 
in species though rich in individuals.* 

Sj^fer {Neospirifer) muaakheylenais Day. (probably iaoluding Beed’i rarietj humilis) 
,, „ nitienaie Dien. 

„ ,, marcoui Waag., 

„ distefanii Qemm., 

AlihyriB (Cleiothyridina) geralrdi (Dien)(‘**S'pmpera gerardi*'), 

Did(uma laiotLchei Dion., 

Kiangaiella Cf. pectiniformis (Day.) ' *Streptorltynchna pectiniformis'\ (Perhaps identical 

with Reed’s MeMla (?) cf. cziwidc/orww (Touza) from the Upper Productus Limestone 

Auloetegea cf. gigaa Netsch., 

JSUmfordinia auheotica (WaAg) (An Upper Productus Limestone species), 

Apieuiopecten sp. 

Pour out of these ten forms have been found in the Salt Bangc Productus 
Limestone. Of these, Spirifer marcoui is restricted to the Lower division of the 
latter formation; Athyris ^erardi—described as the commonest leading foosil in 
the Ruling Calcareous Sandstone—is confined to the Upper Productus Lunestone ; 


* H.H. Hayden. Mem. XXXVI, 61 (1904). 
\Mem., XXXVI, 93, (1904). 

» Pal. Ind., Sor. XV, Vol. 1, Pt. 6, p. 196 (1903). 
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and Spirifer musakheyleims and four varities of KiangsieUa pectinifarmis are 
oharacterifitic of the Middle or Upper Fioductus Limestone. The evidence, there*; 
fore, is not quite clear as to what part of the Permian the calcareous Sandstone, 
belongs^. If importance is attached to the presence of Spirifer marcoui, a verj 
distinctive and easily recognisable species, part at least of this subdivision (6) would 
fall within the Lower Permian, but most of its affinities appear to be with the 
Middle Permian. 

Throughout Spiti and Bashahr, the Calcareous Sandstone series is invariably 
overlain by a bed, usually from 100 to 150 feet thick, of black or dark brown, often 
siliceous, shale with a few thin irregular partings of hard, brown, concretionary 
sandstone near its base. This formation, which has been called the Productns 
Shales, owing to the predominance therein of brachiopods originally referred 
to the genus Productus, extends with little variation throughout a large section 
of the Himalaya, from Kashmir to the Nepal frontier and probably beyond. Ita 
stratigraphical position is between the Calcareous Sandstone below and a ferruginous 
limestone of Lower Triassic age containing the zone of Otoceras woodwardi above, 
its limits everywhere being clearly defined ; an excellent section of it is exposed 
on a small ridge behind the village of Ruling in Spiti where it is overlain by the 
Lower Trias including the Otoceras beds. 

Throughout Spiti and Bashahr, fossils in the Productus Shales are numerous 
though belonging only to a few species ; the lower part of the series especially 
contains numerous brachiopods which occur in both the shale and the sandstona 
partings. In addition to a few bryozoa and badly preserved plants, the following 
species have been recognised by Diener.* 

Marginifera himalayensis Dien. 

PfoduciuM cf. gangeticua Dien 

Choneie* cf. liasarensia Dien. 

Athyria (CUioihyridina) garardi Dieu. 

Spirifer {Spiriferella) rajah (Salt,). 

,, (Neoapirifer) muaakhaylensia Dav. 

,, „ cf. Dien. 

Throughout the shale occur numerous concretions, both isolated and in bands 
but rarely fossiliferous ; some 30 feet below the top, however, is a band of such 
concretions containing ammonoidea which consist chiefly of Xenaspis cf. carbonaria 
Waag. and Cyclolobus cf. oldhami Waag. ; less frequent are Cyclolobus instgnis 
Dien., C. (Erafftoceras) kraffti Dien. and C. {Krafftoceras) haydeni^. 

The age of the Productus Shales is indicated by their position immediately 
below Triassic beds, as well as by their similarity to the unquestionably Permian 
strata of Painkhanda and Johar, while their intimate connection, both strati- 
graphically and palaeontologically, with the underlying Calcareous Sandstone, 
favours the inclusion of the latter in the same system.* There is little doubt that 
the Productus Shales are a somewhat different faunistic facies of the Upper Pro¬ 
ductus Limestone of the Salt Range, to the higher horizons of which the stage of, 
Xenapis cf. carbonaria and Cyclolobus cf. oldhami would correspond. 

^ Koetling correlated it with the Middle Productus beds, perhaps because he employed 
Waagen’sold scheme of subdivision. It is not impossible that collections have become mixed. 

• Mem., XXXVI, 54 (1904) and Pal. Jnd., Ser. XV, Vol. I, Pt. 2, 86 (1899). 

« Described in Eee., XXXI 56 (1904). 

* B.H. Hayden. Mem., XXXVI, 56 (1904). 
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Changchenmo Talley.— North of Bupshu, in the Ohangohenmo yaUey* 
B thrust block of Lower Permian limestone has yielded the trilobite, Paraphiliipfia 
harpinshyi Toum., a species found in the *Termo-Oarboniferous” (Artinskian) 
of the Crimea, and a new species, P. pahari Weller.^ It is described as reddish- 
grey coralline limestone, and is underlain by a red limestone carrying Productus 
and bryozoa. 

Karakoram. —Along the lower Sarpo Laggo and Shaksgam valley, on the north 
side of the Karakoram, in north Kashmir, Desio discovered fossiliferous *Termo* 
Carboniferous” or, as we are calling them. Lower Permian beds. In the Biafo- 
Baltro region, on the southern slopes of the range, these rooks are associated 
with gneisses and show a high degree of metamorphism. These metamorphosed 
pelitic and calcareous sediments are exposed in force between Pakore and 
Chongo and are also seen near Tungmo, occupying at least a portion of Mt. 
Koser Gunge (21,000 feet). To this formation probably belong the marbles which 
have been observed near Askiole and up the Biafo glacier* ; among the rocky types 
met with by Auden are garnetiferous chloritic phylite, diopside actinolite-granu- 
lite, tremolite-and actinolite schist, marble, calciphyre, calc-granulite, actinolite, 
epidote gneiss, amphibolite, and a striking rock made up of large garnets 
in a matrix of kyanite, staurolite and a mineral resembling the vana^um mica, 
roscoelite. The beds are in places intruded by a biotite gneiss or by a network 
of pegmatite dykes and sills. Such rocks are seen not only in the Baltoro basin 
but also in the Siachen valley adjoining to the southeast ; the Productus beds 
in the upper Siachen have yielded Derbyia grandis Waag. 

Bocks of this age are seen not only in the Baltoro basin but occupy most of the 
northern slope of the Masherbrum-Bride chain up tj the Chogolisa saddle,* 
and the greater part of the Panmah basin. The gigantic tops of Broad and Gashscr- 
brum (26,360 feet) are formed of this limestone, grey and black in colour, occasion¬ 
ally schistose, and containing lamellibranchs, gastropods and corals in association 
with the foraminifer, Neos^wagerina. Thin vertical wedges of this limestone 
enclosed within gneiss, were found by Auden crossing the upper part of the K* 
glacier and occurring at the foot of the northern face of K^ peak. The greater 
part of K^ peak is, however, composed mainly of augen gneiss. 

This series, in its unmetamorphosed form of grey limestone and black calcareous 
shales, called by Auden the Shaksgam series and found along the northern slope 
of the Karakoram range, has yielded fossils in the Lower Sarpo Laggo valW and 
the Shaksgam valley ; in the latter area the rocks are frequently rich in Lower 
Permian fossils.* The fossils include : ParahbsuUna shiptoniy Polypara sp., numer¬ 
ous Productus —among them P. {Echnioconeba) punctatus and P. {Echnioconeba) 
pusUdosus—Dielasma sp., Reticularia (including P. Zineato, perhaps the equivalent 
of Squamularia punjabica Beed), Martmia related to M. dispar^ a form found in 
the Plateau Limestone of the Shan States of Burma.* The ParafusuliiMt shiptoini^ 
n. sp. has recently been described by Carl 0. Dunbar, who states that it is un¬ 
questionably of Permian age, and is more advanced than any species in the Artin- 
skian.* Auden suggests that the Shaksgam series is probably equal to the lower 
part of Hayden’s Pamir Limestone. 

1 J.M. Weller Mem., Conn Acad IS., Art. IH, 31 (1936). 

* J.B. Auden. LXlX, 131 (1936) 

* A Desio. Oeogr., Joum. LXXV, 402 (1980). 

• * Kenneth Mason. Himalayan Jaum,^ X, 43 (1938)« 

* Nee., LXXV, Prof, paper No. 6 (1940). 
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From the Bemo valley, due east of the Siaohen, and from Depsang, southeast 
of the Karakoram Pass, both localities on the northeastern flank of the Karakoram, 
liave been collected the following Middle and Upper Permian brachiopods^. 
Productua (Buthenia) purdoni Dav., 

Lyttonia nobilia Waag. 

Spiri/er {Neoapirifer) muaakhdenaia Bav. 

M%^ginifera himxlayeneia Dicn.(predomiDant). 

Synngoihyrialydehkeri (Dien), 

MaHiniaglabra, (Mart} ? 

Enttleiin,a acutiplieatua Waag. ? 

Spirigerella (?) sp. 

Uneinunellina theobaldi (Waag.), 

Oamarophoria humbletonenaia Howse. ? 

Notothyria sp, 

Enteletea waageni Gcmm.* 

To this horizon belong a few specimens collected from fragments of black lime¬ 
stone found near the crest of the chain, viz., Marginifera himalayensis Dien, 
Spirifer (EUvina) tiheianus Dien. and Productus {Linoproductus) aagardi Toula. 

From near the source of the Shyok two horizons can be made out, the lower 
varying in character from schists, limestones and marls, and equivalent to that 
mentioned in the previous paragraph. This horizon would appear to correspond 
to the lower of the two zones of the Himalayan Productus Shales, and has yielded 
the following fauna®: 

Brachiopoda.— 

Produciua (Linoproductna) aagardi Toula, 

,, (Lirioproductua) tenuistriatna de Vern., 

„ **aemtreticulatua'' Mart., {Diciyoclostua) 

„ {Echinoconcha) punctatM Mart., 

,, {Avonia) cvrvirostria Schellw., 
n inciaua Schellw., 

„ gruenewaldti Krot., 

Marginifera himalayenaia Dien. (predominant), 

Spirifer (EUvina) tibetanna Dien. (common), 

„ „ interpUcatua Kothpl. 

„ (Paechelmannella) niger Waag., 

„ biaulcatua Sow., 

,» aff. lydehkeri Dien. 

Spirifenna (Manauyella) ornata Waag., 

Spiriferina multiplicata Waag., 

^Camarophoria mutabilia Tshcern., 

tp ,, var. biplicata Stuck., 

„ Superates de Vem., 

„ crumena Mart. 

SUepiorhynthua of. pectinifornia Waag., 

Orthia (Schizophoria) aff. aupracarbanica Tsohem., 

1 C.F. Parona. Atti. B. Aoad. d. Sei. d. Torino, LXVIf, 179 (1932); Pal. Ind. New 
Ser. Vol. XXXI, Mem. 1, p. 63 (1941). 

* De Terra. Pal. in Wissen Ergebn. Trinkler, Zentralasien Expcd. Bd. II p. 169 
(1982). 

a Gk>rtani. Atti. Aec. Linei, Ser. Vol. XXIX, pp. 53-55 (1920). 
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Br»ehiopoda--<0Ofi((f. 

Martinia apjianata Waag,, 

HusUdia rtmoia Eiohw., 

Hustedia indtaa Waag., 

7 Martiniopais convexa Tschern., 

Hemiptychina pstudo-elongata Schellw., (Btechtria 7) 

„ Sublaevis Waag., 

Botoihyris nudeolua Kut., 

„ exilis Cremm., 

„ simplex Waag., 

„ cf. pulchra Gemm., 

Aihyris subexpansa Waag,, 

Pugnax osagensis Shum., 

Bielasma aff. elongatum Schloth. 

Lamellibranchiata. 

lAna aff. retifera Shiim. 

In the same area, the up{)er or Xenaapia horizon of the Productus Shales appears also to ba 
present in the form of a limestone which has yielded.^ 

Orthotheiea armeniacus Arth., 

Sireptorhynehua (?) aff. ahanensia Dien., 

Chonetes variolata d‘Orb. (predominant), 

Productua (Lineproductus) lineatna Waag., 

,, ( Waagenoconchia) abichi Waag., 

Harginifera spinoao-coatata Abich (predominant), 

Sirophdlosia longa Neo. 

From an equivalent horizon south of the Karakoram Pass, Xenodiacua itself 
has been collected. 

The Zewan beds and Productus Shales of Central Kashmir.—In the 

various exposures of the Vihi area, the Gafigamopteris-he&Tiiig band is succeeded by 
a calcareous succession passing up into a shaly series which is in turn overlain by 
the Trias. The term “Zewan’’ was at first given to the calcareous succession but 
subsequently extended to embrance also the shaly series ; it thus included every¬ 
thing between the Oangamopteris beds and the Trias. The shaly series, however, 
is unquestionably the representative of the Productus Shales of Spiti and Eumaon, 
and it seems wiser to restrict the term Zewan, if it is to be retained, to its original 
limits, t.e., to the calcareous succession. The latter must obviously correspond 
to the older portions of the Ruling system and include the “Calcareous Sandstone” 
of the Spiti area. In this work the term “Zewan series” will be used for that part 
of the Ruling system in Kashmir which underlies the Productus Shales ; it is pro¬ 
bably of Lower and Middle Permian age. 

Along the north>eastern side of the Pir Panjal, Middlemiss has mapped a broad 
outcrop consisting of Upper Triassic limestones bounded on each side by narrow 
bands of Gondwana and Permian rocks, stretching from Tosh Maidan, where it is 
faulted against the Panjal Trap, to the Golabgarh Pass, a distance of some thirty- 
eight miles, and probably beyond ; here the Permian consists of the Zewan series 
overlain by what must be younger representatives of the Rulings. At the Golab-- 
garh Pass itself, a syncline of the Panjal Volcanics enclose a succession including the 
following: Four hundred feet of Lower Gondwana siliceous and carbonaceous slate 
with fragments of plants including Oangamopteris and Ohasopteria ; earthy, calcare- 


^ Perhaps not all from the same lerel. 
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ouB sandstones, sand and sHales with brachiopods, and dar, thin-bedded line- 
stone with PnOorOepora ampla^ all belonging to the Zewan series; over 300 feet of 
Prodnctaa Shales, here represented for the most part by earthy, nucaceoos sand* 
stones; an inner core of Triassic limestone. Limestone intercalations are seen in 
the Yokanics, some of them obscurely fossiliferous.^ In the Yihi area, the Zewan 
beds consist of a basal 60 feet of dark grey, sandy limestone with compacted 
layers of brachiopods, followed by 30 feet of dark sandy shales and thin inter- 
bedded limestones full of colonies of the bryozoan, Protoretepora, one above the 
other. The brachiopoda in the lower of these two zones are for the most part 
unidentifiable in the Yihi sections, but from some of them and more especially 
from the equivalent horizon at Golabgarh, consisting of some 200 feet of earthy 
calcareous sandstones and shares, introducing the marine phase of the Permian 
after the Oangamopteria land period, the following brachiopods have been recog¬ 
nised by Diener: 

Productua {Linoproductus) eora d’Orb., 

„ (Ruthenia) purdoni Bav. (Probably including Reed’s variety prdlonga), 

gangetieua Dien., 

Jiarginifera apinoaocoata Ab. (perhaps equivalent to Reed’s If. protraeta from the Lower 
and Middle Productus Limestone). ^ 

Spirifer (Neoapirifer) muaahheylenaia Bav., 

Spirigerdla derhyi Waag., 

Camarophoria purdoni Bav., 

Hamiptychina himdlayenaia Bav* 

„ aparaiplicaia Waag., var. intermedia Reed. 

In spite of its scantiness this fauna can be recognised as typically Permian** 

The fauna of the upper or Protoretepora zone, although extremely rich in 
individuals is very poor in species, only the following having been definitely 
determined beside a doubtful specimen of Derbyia : 

Bryoaoa— 

Protoretepora ampla Lonsd. 

Brachiopoda.— 

Lyttonia nobilia Waag., 

Spiriferina (Spiriferdlina ?) Zewanenaia Bien. 

Spirigerella derbyi Waag. var. acutiplicata Waag. 

The remarkable species of brachiopod LyUonia ndbilis^ is sometimes found 
beautifully preserved ; it is not strictly confined to this horizon but it is not found 
elsewhere in such great abundance. 

The limestone of the lower zone of the Zewans in places has undulating surfaoet 
like irregular ripple-marking.* There is no evidence of unconformity between 
the Oangamopteris beds and the Zewan series. At Bechpura, the lowest lime¬ 
stones of the Zewan series lie directly upon the Panjal Yolcanics and the Blaini 
beds are not present, but if there is any unconformity at all it is probably 
little more than that due to local disturbance in a volcanic area*. 


» Oen. Rep, Ree., LiXXII, 76 (1937). 

* Pol. Ind., New Ser., Vol. V, Mem. 2,107 (1916). 

• C. S. Middlemisa. Pee., XXXVH, 298 (1908). 

« H. H. B[ayden. Pec. XXXVl, 82 (1907). 

0 aSI/64 21 
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la the hills to the east of Vihi, i.e., northeast of the Wastarwanmass^ 
the Pratoretepora zone appears to be absent, since it could not be found at either 
Pastannah, Lam or Narastan; a dying out of the Zewan beds eastwards is thus 
suspected.^ 

In the Yihi area, the top of the Zewan beds is characterised by a well-marked 
limestone ; this may be regarded either as the uppermost horizon to the Zewan 
or the lowest of the Productus Shale series, here somewhat more calcareous than 
in Spiti. It has not been recorded from the Pir Panjal, and has been spoken 
of as the zone of Productus indicus; it has yielded the following : 

lismellibranohiata— 

AnietdopseUn cf. hiemalis Salt. 

Braohiopoda— 

Produetfts {IHetyoehsiw) indicus Waag. (probably Reed's variety paucieosiafa from th® 
Upper Productus Limestone), 

„ „ spiralis Waag. (probably including P. (D.) transversalis Tsohern.), 

„ ( Waagenoeoneha) aUchi Waag., 

„ {Linoproducius) eancrini de Vem., 

„ ,, eancriniformis Tsohern., 

„ (Hapdenella) vihianus (Dien.), 
ft gangeticus Dien., 

„ narastanensis Dien. (from the Narastan locality; closely allied to P. (Dietyo* 
clostus) transversalis Tsohern.), 

„ aff. porrectus Kut. 

Marginifsra himalayensis Dien., 

„ gratiosa (Waag.) (Diener’s ** JN. vihiana ”). 

Spirifer {Spiriferella) rajah Salt.* 

8piriferina (Spiriferellina) of. bilotensis Reed, var. curta Reed (a variety found in the Middle 
Productus Limestone). 

Athyris (Spirigera) xeta (Dien)., 

„ (Cleiothyridina)*' royssii Lev.” (many varieties, broad, long, flat and globose 
probably including A.(0,) pectinifera (Sow.) and other species). 
„ „ subexparua Waag. 

Didasma hij^ Waag. (of. Reed's variety protracta), 

„ acutangulum Waag. 

Camarophoriapurdoni Dav. 

Hemiptyehina himalayensis Dav. 

This limestone is succeeded by a sequence which still comprises shale and 
limestone, the latter being now subordinate. This shaly series corresponds to 
the bulk of the Productus Shales of Spiti and the SLumaon Himalaya, and is 
fossiliferous, the fossils occurring chiefly in patches which evidently represent 
hollows in an old sea floor. The shales are mostly of a dark colour. Three zones 
have been distinguished by Hayden and Middlemiss, the lowest characterised 
by an abundance of the form Marginifera himalayensis, the middle by an enormous 
predommance of Spirifer rajah ;* and the uppermost usually dark shale weathering 
White, by the preponderance of lamellibranchs associated with the ammonoid. 


XL, 240(1010). 

s F. R. Oowper Reed. Pal. Ind., New Ser., Vol. XVH, 22 (1031), 
e Plrobsbly mostbr Spirifer (Spiriferdla) vercherej (de yemeuil). 
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Xenaspis carbonaria (Waagen’s ** Xenodiscus earbonariu$ The faunas of the 
three zones are evidently closely retoted to one another and are combined in the 
following list: 

Brsohiopoda— 

(L.) DielMma UOouchei 

(L.) Camarophoria purdoni Dav., 

(L.) Athyrie {Cleiothyridina) cf. gerardi Dien., 

(L.) „ M subexpanaa Waag., 

(L. H.) iSfjnrt/er {Neospirifer) inusaiheylen8i$J)9,v,t 
(L.) »» ( i> ) niiiensis DIen., 

(?) „ ( 99 ) toarc^YMia Reed, yar. «eatro«a Reed, 

<L. K.) „ (Spiriferella) rajah Salt., 

(Ii.) Spiriferina (Spiriferdlina) ef. bilotonsis Reed rar. curto Reed). 

(L.) 99 { 99 ) zewaneaia Dien., 

tWaag., 


(L.) 99 (Jliafuuyella) omaia 1 

ih,) Lyttcnia nMlis Waag., 

(L. U.) ChoneU$ lissarenis Bien., 


(M.) „ cf. viahnu Salt.^ 

(U.) „ off.variciUaad*Orh .9 

(L.) Produetua waagenianua Girty (a Guadalotipian species). 


(TToagenoconcAa) dbichi Waag., 
gangeticua Dien., 
aff. eajicrini de Vem., 
(Linoproductua) cora d*Orb., 
(Dictyocloaua) apiralia Waag., 
Marginifera himaJayanaia Dien., 
„ cf. heliea Ab. 


(L. M. U.) 

<L.M.U) „ 

(M. „ 

(U.) „ 

(U.) 

(L. U.) 

(U.) „ 

Lamellibrancbiata.... 

(U.) Sckizodua cf. rotundaiua Brown, 

(U.) Pleurophorua aff. complanaiaa Waag., 

(U.) PaeudomonoHa sp., 

(L.) „ (aviculomonotia) middlemiaai Dien., 

(IT.) „ ( „ ) aff.radialiaPhill, 

Cephalopoda— 

(U.) Xenaapia carbonaria Waag. 

(L., M. and U.—Lower, Middle and Upper, respectively, of the three zones). 

The probabilities are that the above list should be combined with the preceding 
to give the complete fauna, as known, of the Pioductus Shales of Kashmir.^ 
This fauna may bo assigned with some confidence to the Upper Permian. 

The succession in the Crolabgarh Pass is as follows ;— 

(Blue-grey Triassio limestone forming the core of the synclina.) 

* (C) Black shales, 10-20 feet thick, with lenticular patches of lime¬ 
stone containing Spirifer raj(A, etc. 

(B) Greenish, earthy, micaceous, sandstones, 300feet thick, with 
caste of fossils here and there, including a small Marginifamm 
(A) A thin band of black shales. 

r (iii) Thin-bedded slabs of dark, foetid limestone with many beantl* 
j ful plumes of Protortteporaampla and amongst other 
I fossils, Spirigaratla darbyi var. a4sutiplicata Waag. 

(ii) A sandy and shaly stage, characterised by the braohippodB 
listed above and the absence of Protoratapora. 

(i) Soft, light-coloured earthy sandstones which towards the top 
are calcareous in patches; these beds, which are about 
23o feet thick, lie with perfect conformity upon, Oanga^ 
mopUria beds. 


Produotus Shales 
(330 feet) 


SSewan beds (430 feet) 


> To which may perhaps be added: ChanaUa grandicoata Waag., Spirifar {PaaekalmanneUa} 
niger Waag., var. davia Reed, and Sntoliaum avieulatum (Swallow), 
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No trace of the Kuling eeriesy whether Zewan beds or Produotus Shale 
has been found in the country immediately northwest of Uris.^ On the souths 
western or Punch side of the range, no Permian or Triassic strata are seen in 
association with the main exposure of the Panjal Trap, but where the latter 
formation is exposed as inliers in the inverted folds of Eocene limestone, three 
small outcrops of Permian or Triassic strata have been noted by Wadia.* In 
one of them, the Oangamopteris beds, the Zewan beds and the Productus 
Shales are all absent and the Trias rests directly and unconformably upon 
the traps; in the other two (Mandi and Sangliani), the unconformity is slightly 
less, the Oangamopteris beds and the Protoretepora stage are missing, and some 
200 feet or less of Upper Zewan and Productus Shales rest upon ash beds 
belonging to the Panjal Trap series. Other tricing occurrences of fossiliferous 
Permian shales, squeezed in between the traps and the Nummulitics, have 
been recorded. These representatives of the Kuling system are described as 
consisting of quartzites and semi-crystalline limestone interlaminated at 
the top with black micaceous shales. The limestone is crowded with fossils, 
most of which are too poorly preserved for determination, and the shales 
also contain a few limonite casts of lamellibranch and bachiopod shell 
valves ; among the fossils it has been possible to make out the following :— 
Athyrie roysm, Didasma latoucheit Peeadomonotis griesbacM, P. cf. aurita, 
numerous specimens of Schizodus including one comparable to S. rotundatusp 
and species of Productus^ Spirifer, Derbyia and Chonetes, 

In the Pailgham outcrop, exposures are poor and fossils difEicult to obtain* 
Amongst the latter was found a specimen of Popanoceras^ a genus characteristic 
of both Permian and Trias, and species of Productus belonging to the semireti-^ 
eulatus section.* 

Zewan beds are evidently exposed below the junction of the Rathak and 
Burzil rives, on the road from Gurais to Burzil, since a slab of limestone 
collected by Hayden therefrom has yielded Protordepora ampla and a species 
of Acanthocladia.* 

THE PRODUCTUS SHALES IN THE GREAT HIMALAYA OF GARHWAL 

AND KUMAON. 

In the higher parts of Garhwal and Kumaon, neither, the conglomerate nor 
the calcareous sandstone of the Spiti Permian (Kuling) has so far been recorded. 
The Productus Shales, however, although only from 120 to 250 feet thick, are 
an easily recognised horizon and provide an important landmark in the 
elucidation of the structure of the central Himalaya. They are described by 
Griesbach as overlapping in some of the sections the several stages of rocks 
which were supposed by him to be of Carboniferous age but which there is 
reason to believe are much older.* The unconformity at the base of the Pro* 
ductus Shales, although definitely recognised by Griesbach, is this way consider. 

* D. N. Wadla, Eee., LXV, 212 (1931). 

LI, 248-9 (1928). 

* C. 8. Middlemiss. Bee, XKXVIJ, 322 (1908). The exposure at E^shmakam in this Lidar 
valley, half wav between Islamabad and Pailgham, belong to this Syringothyris Limestone 
and not to the Zewan formation. The sections at Kollur, Dowhat (Dahwot) and Lur (Lor) 
probably belong to the Agglomeratio Slate. 

* Pel. Jnd* New Ser., Vol. V, Mem. 2,101 (1916). 

Mem. XXIIX, ^ (1891). Thi^ seSm to have been assigned to the Carboniferous ohiefiy 
Leoanse of their position beneath the Produotus Shales with their Permian fossils. 
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ably greater than he supposed. The dark outcrop of these shales makes 
a striking contrast with the dazzling White Quartzite (Muth Quarzite) which 
formed the greater part of the floor on which they were deposited. The 
upper surface of this quartzite is described by Qriesbach as being often rugged 
and denuded ; occasionally the bed is missing, as for instance, on the left side 
of the Dhauli Ganga where the Productus Shales rest immediately upon the 
**Bed Crinoid limestone ” (Silurian). Were it not for the band of Productus 
Shales in the White Quartzite cliffs of the Lissar valley, the section exhibited 
might be mistaken for an unknow sequence instead of what it represents, 
which is a succession of denuded isoclinal folds. At their upper limit, the 
Productus Shales pass up into Triassic strata and the later through Bhaetic 
deposits into Liassic limestones without any apparent break. The Shales 
are described as having suffered much from crushing and folding, having 
apparently played the role of lubricant for many of the thrusts. 

As in Spiti, the beds consist for the most part of very dark, exceedingly 
friable occasionally micaceous shales, here and there containing carbonised 
vegetable matter or coal; a few irregular partings of hard, ferruginous sand¬ 
stone, sometimes replaced by“a string of nodular clay iron ore, relieve the mono¬ 
tony of the shales. Both shales and sandstones are fossiliferous, the best 
specimens being found in partings of gray sandstone which is often crowded 
with Productus. 

The following fossils, most of them from the Niti area and upper Lissar 
valley in the old district of Johar, have been identified by Dr. Diener : 


Braohiopoda— 

^Aihyria (CUiothyridina) “ royssii ” L4v. (Probably including A. (C.) peetinfera (Sow, and 

A. (O.) interpoaita Reed), 

„ „ gerardi Dien., 

* Spirigerella derlyi Waag. var. acutiplicata WMg. 

Dielaama latouchei Dien. 


jSIartinia glabra Mart., 

Spirifer (Neoapirifer) ravana Dien. (Probably a variety of S, {N^) marcoui Wagg.) 

„ „ muaakkeyhnaia Day., 

„ „ nitienaia Dien., 

„ „ faaciger Keys., 

„ joharenaia Dien., 

„ bambadhurenaia Dien., 

„ {Spirtferelia) rajah Salt., 


Productus gangeticua Dien., 

„ of. eancrini de Vern., 

„ {Linoproductua) canenm/omtaTaohern., 

„ (Ruthenia) purdoni Day.* (Probably Reed’s variety caatrenaia), Productus 

Limestone. 


„ ( Wa^enoeoncha) of. abiehi Waag., var. aerialia Waag. 

Jliarginifera himdlayenaia Dien. 

* Chonctca viahnu Salt., 

* „ liaaarenaia Dien., 

,, cf. uraliea MOlL 


LemeUibranohiata—. 

Avkuhpecten hiemalia Salt., 

Oaniomya sp. 

Liebea aff. hauamanni Qoldf (Probably identical with Aphania aalinaria (Re3d\ from the 
Lower Productus Limestone). 
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Gastropoda^ 

Pkwrokmaria ef. punjdbica Waag. 

NatieopaU sp. 

BdUfoph/fm sp. 

The commonest foims are those asterisked, but the abundance is often very 
local. 

In the eastern parts of Eumaon, in the Byans area, much restricted examples 
of the Productus Shale fauna have been collected. The most interesting is one 
from Lilinthi which has yielded very small specimens of seven genera of 
ammonoids. 

Brachiopoda-. 

Mfarginifera hi malayensis Dien., 

Spirifer (Neoapirifer) mueakheylensia Bav. 

Aihyris {Ckiothyridina) gerardi Dien. 

Cephalopoda— 

Hyattoeeraa aff. cumminsi White., 

Adrianites {Hoffmannia] sp., 

Oastrioeerae afF. marianum de Vern. 

Perieydua sp., 

LUinihieeraa sp., 

Braneoeeraa sp., 

Nomiatnoceraa smithi Dien. 

From a calcareous band in the Productus Shales above Nihal have been obtained 
many specimens of Choneles transitionis Erot., Nucuhna associated with Leda 
cf. y^duncaria Oein., two species of the European Permian.^ 

]^om the Productus Shales in the Lebung Pass on the northeast boundary of 
the Almora district, Heim and Gansser collected the two rare ammonites, Cyclohbus 
oldhami waag. and 0. toalJeeri Dien. 

The Productus Shales fauna, as displayed in Garhwal and Eumaon, has a 
peculiar character of its own and most of its determinable species are autochtonous. 
Nevertheless, as already remarked, it shows a relationship with the Productus 
Limestone of the Salt Bange and appears to correspond for the most part to the 
Upper division of the latter. 

BALUCHISTAN. 

Among the Triassic shales exposed in the hills of the Zhob valley in north 
Baluchistan, Yredenburg reports an outcrop of slates associated with Fusulina 
limestone. The junction of these beds with the Trias is either a fault or an un¬ 
conformity, but the Fusuilm bed is presumably of Upper Carboniferous age.^ 
Beds of Carboniferous and Lower Permian age have been found by Mr. Tipper 
northwest of the town of Ealat, in some hills at the southern end of the Manguchar 
valley, and have yielded Productus and other fossils.* 

REWAH STATE. 

The Lower Permian marine beds of Bewah State, t.e., on the Peninsular side 
of the Gangetic alluvium, are described later, since they are associated with beds 
containing Oondwana plant remains. 

» Pal Jmr., Ser. XV, Vol. I, Pfc. 5, pp. 114*115 (1908). 

• J2m., XXXI, 105466; sea mUo map, PI 16 (1904), 
i Em., XXXVm, 601 (1909). 
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1NFRA*TR1AS OF HAZARA. 

AsdelunitedbyMiddlemiss, the tenn Infra-Trias has been applied more or 
less provisionally to a series in Hazara, mostly lying with marked unconformity 
upon the upturned edges of the Attock Slates.^ Between these two formations 
there is a great stratigraphical and physical break which, in the ** Metamorphio 
zone to the west of Abbottabad, is probably bridged to some extent by the 
Tanawalbeds, To what degree the Infra-Trias is distinct from the Tanawal is 
not yet clear, and a considerable proportion of the Tanawal ** quartzites ” have 
been found by Wadia to be merely sUicified Infra-Trias limestones, intermediate 
stages in silicification being common in east Mansehra.^ In the Gandgarh range 
typical Infra-Trias dolomitic limestone is found along the strike of outcrops of the 
Tanawal quartzites, and the latter are seen to contain layers and patches of coarsse- 
ly crystalline dolomite.^ The Infra-Trias is characterised by its short lateral extent 
a result due partly to want of exposures but also partly to overlap by the next 
higher series, the Trias. The formation, which is mainly a limestone one, is well 
exposed in the classic area of Sirban Hill. It has been subdivided by Middlexniss 
into: 


(4) Upper limestones 
(3) Lower sandstones 
(2) Lower shales • J 
(1) Basal conglomerate 


2,000 feel 
150 „ 
60--100 „ 


The lowest stage, though of no great thickness, is of interest in that it probably 
represents the ubiquitous Talchir boulder bed of the Indian Gondwanas. The 
pebbles and boulders, composed of fragments of the underlying slates and quart¬ 
zites set in a fine, purple, sandy clay or shale, are generally sub-angular; 
many of them, in the Tanakki glen section of the Sirban Hill where the conglo¬ 
merate is well exposed and at a village a short distance S.S.E. of Garhi HabibuUali 
Khan, are well glaciated.^ The fragments vary from mere pebbles to large boulders, 
but average in size that of a cricket-ball. Middlemiss describes the conglomerate 
as roughly but distinctly bedded, layers of finer and coarser material alternating 
with each other. The lowermost bed is much the coarsest and its higher layers 
pass up into the shale stage by the gradual decrease in size and number of the 
pebbles. In metamorphosed areas, the rock shows varying degrees of deformation 
and change. The first stage appears to be the development of a cleavage and the 
arrangement of the pebbles in their soft matrix with their long axes at a consider¬ 
able angle with their bedding planes ; the pebbles when extracted show some of the 
matrix, originally a fine shale and now a cleaved slate, adhering to their ends, 
thus forming small lenses of dual rock. In the most advanced stages of defor¬ 
mation, the pebbles are represented by mere flakes which are so drawn ont^ 
flattened and traversed by parallel shear-planes along which metamorphism has 
begun, that it is difficult te trace their original boundaries.^ Some of the more 
deformed conglomerates may belong to the Tanawals rather than to the Infra- 
Trias, supposing these two formations to have separate individuality. 


iffiemXXVI, 17(1896). 

•Bee. LXV, 207 (1931). 

Ree. Bee., LX^, 12l (1932); D. N. Wadia 2M. LXVIU, 147 (1935). 

* Oen, Bep. Bee., LXII, 153 (1929). 

• 0. S. Middlemtes, Jfem. XXVI, 55 (1896). 
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The geographically neareet taxial etjoivalente to thia oonglomerate ate the 
Blaini Oonglomerate of the Simla area and the Salt Bange Boulder Bed, both of 
idem in aU probability representatiTes of the Talohir stage of the Peninsular 
Oondwana sequence. 

The shales, never mote than 20-S0 feet thick, are typically purple in colour 
and ace in places metamorphosed to an extremely fistdle, schistose slate. 

The diales in their turn pass up into a set of somewhat coarse sandstones, which 
as a rule are deep purple in colour but frequently become bleached towards the 
top and assume a saocharoidal aspect. The joints and bedding*planes are some* 
times traversed by grey chert veins. Prom analogy, these sandstones should be the 
equivalent of the Speckled Sandstone of the Salt Bange; their metamorphosed 
varieties are indistinguishable &om beds mapped as Tanawals. 

In places, the change from the sandstones into the overlying limestone is also 
gradual, the lowest member of the latter being a deep purple, very sandy limestone. 
Higher up, the limestones become less and less sandy and the colour becomes 
fainter and fainter attaining ultimately a white or cream colour. It is never 
dark grey or mottled as in the case of the Trias, and by these characters can be 
easily distinguished therefrom in the field; it is also more compact and better 
bedded. A small amount of magnesia is present. A fine cross-jointing, deeply 
eaten into by the weather, and seen in many cases even in the metamorphosed 
varieties, gives the rook a very characteristic appearance similar to that of a 
butcher’s chopping-board. The upper beds show a vesicular tendency on a small 
scale, the pea-sized vesicles being filled with calcite. The uppermost layers also con¬ 
tain many bands of chert lying parallel to the bedding, the result probably of the 
metamorphosing action of the volcanic beds which succeeded them at the beginning 
of the Triassic period; the absence of fossils is perhaps due to the same cause. 
A few unimportant beds of white felspathic grit occur among the upper limestone. 
Marmorisation has been noted in a few oases. In the Hagan valley and the Hishen- 
g%nga valley of the Himalaya-Hazara syntaxis, the Infra-Triasio limestones, 
are seen to be interstratified sometimes with the Panjal traps and tufts, sometimes 
witii the Agglomeratic Slate,^ or, perhaps more characteristically still, sandwiched 
between the Ixap and slate.* In this syntaxis the limestone is also found as inliers 
in all sufficiently denuded anticlinal flexures of the Nummulitics and Murrees. 
Close by, on the western side of the Indus, a massive outcrop of Infta-Triassic 
limestone is similarly associated with a dark-green, slaty, doleritic trap, which 
is both interbedded with and intrusive towards the limestones. 

In the Simla-Chakrata area, the Infra-Trias limestone is matched by the Lower 
Ktol Limestone, which not only overlies a .similar sequence of oonglomerate and 
metamorposed clays and san^tones, but resembles the Hazara rooks in its 
chopping-board mMe of weathering its fine-bedding, its semi-crystalline to ex¬ 
ceedingly fine-grained texture, its unfossiliferous character, and the occurrence 
in paste of the rook of thin sheets of chert. The Infra-Trias limestone of Hazara 
evidently includes the equivalent of part at least of the Ptoductus Limestone of the 
Salt Bange and the Permian of the Himalaya. The Infra-Trias series is, in fact, 
made up of glMial, laousteine, volcanic and marine deposits, representing a change 
fitom the Ctendwana continental conditions to the Produotus sea of the Himalaya, 
the Salt Bange and Baghalkhand. 


* ]>.K. Wadia. Am.. LXV, 208 
« DJf. Wadia. See., LXVm, 168 (1934). 
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THE <«6REAT UMESTONE** OF JAMMU, KASHMIR. 

In the foot hills of the Eashnxir HizAalaya, occurring mainly within the two 
districts of Riasi and Mirpur, in the province of Jammu, a chain of large inliers of 
unfossiliferous, dolomitic limestone is seen extending from Purl in Punch south- 
eastwards to beyond Riasi, a distance of seventy miles, parallel to the prevalent 
strike of the outer Himalayan ranges.^ The rock is dolomitic, the greater part of 
it containing as much as 18*54 per cent, of MgO; one band near the tops is 
a cement limestone with only about 1*7 per cent, of magnesia. The rock 
ofthese inliers, which form prominent hog-backed hills amid the broad belt 
of Tertiary sediments, has been designated as the ‘‘ Great Limestone It 
was assigned by Lydekker on the evidence of a Fenestella to the Carboniferous, 
and its close lithological resemblance to the Infra-Trias of Hazara had also been 
noted. The recent discovery by Mr. Wadia of a band of the Agglomeratic Slate, 
interstratiiied with low horizons of the limestone confirms these general indications 
and points to an age approximating that of the Lower Permian or Upper Carboni¬ 
ferous.* The great Limestone of Jammu has achieved a vicarious celebrity by 
reason of the coal seams and bauxite deposits of some economic importance found 
in the Subathu (Eocene-Oligocene) beds immediately overlying it. A few irregular 
patches of these Tertiary b^s have been left as a skin over the surface and in the 
corrugations of the limestone. The general structure of these limestone inliers 
is that of a comparatively open dome with subordinate folding and warping but 
no isoclineal compression. The southwest margin of each inlier is largely dis¬ 
rupted by steep strike faults of large throw; these faults which produce prominent 
fault scraps, tend to become reversed, but disappear towards the pitching end of 
the folds. The inliers are remarkably uniform in their structure as well as in 
their lithology. 

There are three principal outcrops of the limestone. The most westerly, that 
of Ranjoti-Devigarh, lying to the east of Kotli, is composed really of two N.W.-S.E 
outcrops echelonned on one another and mutually separated by a thin belt made 
up a Subathu and Murree sediments and strips of the limestone itself. The larger 
member of this dual inlier, with its peak of Ranjoti (6,303 feet), is some 
18 miles long and about three miles broad; the smaller, with its peak and ruined fort 
of Devigarh (5,132 feet), lies generally to the south of the larger and is only 
miles long and less than 2 miles in width. This double outcrop, cut through by 
narrow canyons, forms the cores of two broad, not very irregular, anticlinal domes, 
pitching abruptly at the extremities. To the S.E. of this exposure and along 
its general strike is the largest of the three outcrops, situated to the north of Riasi 
extending from Naoshera into Jammu, interrupting the line of division between 
the Siwalik and Murree formations, and with a strike which is W.N.W.-E.S.E. 
in the western half and N.W.-S.E. in the eastern. Its general structure is that of 
an anticlinal flexure broken and faulted on its steep outer face and perhaps comple- 
cated with minor folds it forms the main mass of Sangar Marg hill and, to the north 
of Riasi, a picturesque ridge through the centre of which the Ghenab has cut a 
precipitous gorge. This inlier has a length of about 30 miles and a width varying 
from five to seven miles. The third inlier lies a few miles to the northeast of the 
last, well within the Murree zone, extending for about 18 miles W.N.W.-E.S.B. from 


i D.N Wadia. Rec., LXXVII, 163 (1937). 

* D. N. Wadia. Mem. LI, 198 (1928); Gen. Rep. Bee., LXIX. 61 (1936). 
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the Ans valley southeastwards to the Ghenab river some miles below the Rambra 
bend; it also appears to occur on the line of a broken anticline, the general dip 
being to the northeast.^ 

The base of the limestone is nowhere seen; a considerable thickness is said to 
be exposed—over 1,500 feet in the Ranjoti-Devigarh inlier, according to Wadia— 
though reduplication by thrust-planes was suspected by R. D. Oldham.' All round 
the double outcrop of Ranjoti-Deviuarh is a thin strip of SubatKu beds, the conti* 
nuity of which is interrupted only for short distances in two or three places; the 
longest interruption is along the southwestern margin of the Devigarh outcrop, 
where a fault is located, and it is here that the small exposure of Agglomeratic 
Slate has been found.' In most places, the relationship between the two forma¬ 
tions appears to be one of uniformity and parallelism. In some localities, however, 
as for example where the Punch river cuts its way into the attenuated neck of the 
limestone, the real unconformity between the two is made manifest by a voilent 
discordance. The Riasi inlier, whose southwest flank is also a steep fault, has 
along its northern margin a well-deflned rim of Subathu strata, carrying important 
deposits of anthracitic coal, iron ore and bauxite, and lying with a pronounced 
unconformity upon the limestone. The limestone of the third or inner inlier is 
succeeded by Murree sediments with the same apparent conformity, except near 
Shartalla where the latter beds are seen striking against the broken edges of the 
limestone cliff.' 

The Great Limestone is described as a dense oryptocrystalline or non-crystalline 
rook, contrasting strongly in this respect with the often earthy nummulitio Subathu 
limestone close above it. It is hard, flne-grained, homogeneous, blue grey to cream 
in colour, generally thin-bedded, much jointed and irregularly Assured. Locally, 
it is characterised by an abundance of chert concretions and disseminated flint 
among its upper layers. Bands and lenses of chert and flint, up to two feet thick, 
also occur in these upper horizons and bear evidence of metasomatio replacement.' 
As already noted, the rock is dolomitised and sometimes approaches true dolomite, 
assuming a yellow colour, a greater density and increased resistance to acid. Part¬ 
ings of other sedimentary rocks are rare; Simpson describes some interbedded 
bands of shale, usually siliceotus and often flaggy, at the southeastern end of the 
Riasi outcrop, and Medlicott also mentions the occasional intercalation of bands 
of siliceous slates and flags, but in the Ranjoti-Devigarh inlier Wadia failed to And 
any shaly or slaty partings in the rock from top to bottom. The joints and 
fissures in the limestone are penetrated by dykes and irrejplar masses of altered 
peridotite or serpentinised dunite of Eocene age ; veins of galena found in parts 
of the limestone have been mined to some extent in former times. 

In its extensive silicification, its partly dolomitic character, its deeply groovep 
chop-marked. Weathered surfaces, and its other lithological and physical features 
the Great Limestone shows a close resemblance to the Infra-Trias of Hazara; 
petrologically, it is also said to be very similar to the Erol limestone of the Simla- 
Chakrata area; in chemical constitution, according to Auden, it resembles 
closely the Deoban and Shali limestones. The Infra-Trias, Erol, Deoban and 
Shall rocks are all described in this chapter. No trace of fossils has been observed 

» Jfem. XXII, 202 (1883); IM. LI. 258,322 (1928); Nec., IX, 53,1S7 (1876). 

• jrem.XXXn. 195 (1904). ' 

» D. K. Wadia. Nec., 72, PI. 11 (1937). 

* Lydekker oonaidered the boundary to be a fault. See Nec., IX, 157 (1876). 

» G4n. Sep. See., LXIX, 81 (1935); Ibid. LXXU, 167 (1927). 
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in the Great Limestone, except in the inner inlier where the impression of a Feneg- 
t4lla has been recorded. The lowest exposed horizons in the Banjoti-Devigarb 
inlier have also yielded some slender rod-like bodies resembling FiLSulina, but 
showing no structure under the microscope. 

The interbedded band of Agglomeratic Slate is to be seen at the base of the 
Devigarh scarp, opposite the village of Sumlar, occurring in what appears to be 
a disrupted upthrown portion of the limestone. It is composed of 200 feet of black 
slaty, scarcely altered tuflF, weathering to a light ashy grey colour. The band 
probably belongs to one of the lowest exposed horizons of the limestone formation. 
Wadia calls attention to the fact that the Agglomeratic Slate of the Pir Fanjfal, to 
the northeast, often contains intercalations of limestone, some of it fossiliferous. 
As we have already seen, the age of the Agglomeratic Slate varies at different 
localities from the Moscovian to the Artinskian; in the main, however, it is Uralian 
or Upper Carboniferous. 


BLAINI SERIES. 


Relationships and Snb-division. —^Lying mostly upon the Simla Slates or the 
Jaunsars, and frequently associated with the overlying Infra-Krol slates with 
which it is now grouped as one series, is one of the most unique and striking rock 
associations of the western Himalayas. It has been called the Blaini ('* Blini 
after the old name of the stream—now the Baliana—flowing northwest from Solon. 
Although very thin, it is unusually persistent and affords an extremely useful clue 
to local structure. Amongst its members is a boulder bed of obviously glacial 
origin, which has so much resemblance to the Talchir Boulder Bed that the group 
was at first assigned to this series. Later it was suggested that the Blaini beds were 
older than the Talchir and represented a much earlier glacial period, that of the 
Cambrian, which has been recognised in south China, south Australia, south Africa 
and northern Europe. This suggestion was made on the assumption that the 
Purana system, which plays such a prominent part in the Peninsular area, must 
have representatives in the Himalaya, and that some of the unfossiliferous beda 
on the south side of the chain, referred somewhat arbitrarily to systems which on 
the north side were abundantly fossiliferous, were the equivalents of the Purana. 
The work of Pilgrim and West has shown, howler, that there has been consider¬ 
able inversion of the rocks in the Simla area, that the Jutogh and Chail series, 
although overlying the Blaini in many places, are probably at least as old as the 
Purana, and that there is nothing, therefore, against the Blaini being the equi¬ 
valent of the Talchir which it so forcibly resembles. A frequent and typical 
sequence in this group is :— 


Blaini series 


I Infra-Erol stage 
I Blaini'Stage . 


{: 


Blaini Limestone. 
Upper Boulder Bed. 
fBleached Slates. 


1 


Lower Boulder Bed. 


The double boulder bed was at first thought to be a matter of reduplication 
by folding but, although separated from one another by no more than 200 feet 
and often considerably less, these two members can be traced for long distances 
twenty miles and more—with little variation in thickness, no sign of a closing 
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fold, and never any repetition of the limestone below the lower bed. Near ^lon, 
the limestone also seems to be doable, bat the stracture is complioated hj imbri¬ 
cation.^ Occasionally, as near Wakna, soath of Jatogh, the limestone occars with 
the Bleached Slates between the two boulder beds. 

From the work of Auden, there is a possibility that the Blaini group is in reality 
the basal portion of the Infra-Erol, and the Bleached Slates ” nothing but ordi* 
nary Infra-Erol slates in which occur the two typical rock facies of the Blaini, 
a boulder bed or tillite and a limestone. The boulder bed may occur alone, the 
limestone may occur alone, or there may be several boulder beds with or without 
limestones. This great variation in the detail of the sequence is a result largely 
of the frequent dying out laterally of the boulder beds and limestones. To what 
extent the recurrence of the boulder beds and the limestones is due to original 
sedimentary repetition, and to what extent to imbricate faulting is still uncertain 
but that there must have been locally more than one boulder bed is shown by the 
presence in some of the tillite itself of boulders of an older tillite.^ 

The thickness of the Blaini stage—as we may call it—varies considerably but 
the sequence is frequently incomplete and one or more of its members are seen to 
be missing; the boulder bed is usually from 10 to 100 feet thick a common thick¬ 
ness for the limestone is 15-20 feet (occasionally rising to 50 or 60 feet), and the 
belt of slates separating the boulder beds—the so-called Bleached Slates ’— 
may be anything up to about 250 feet. The minimum thickness of the Infra- 
Erol stage is in the neighbourhood of 500 feet but no precise estimate is possible. 
These two stages form what mi^y be called the Blaini series and correspond more 
or less to the Talchir series forming the base of the Lower Godwana. 

Blnini stslge.—The Blaini stage is well developed northeast of Ohail, becomes 
somewhat attenuated when traced in the direction of Simla but thickens again in 
the immediate neighbourhood of that station; in these parts the beds are never 
far from the horizontal. In the type area of the Baliana river, they separate 
the Jaunsars below from the Infra-Erols above in a normal inverted syncline dip¬ 
ping towards the northeast; a little southwest of this, four or five wisp-like out¬ 
crops are brought up by imbricate faulting among the Jaunsar beds. 

The Blaini boulder bed and an associated pink limestone have been identified 
in the bed of the Shallu river, east of Chepal (Chaupal), to the northeast of the 
Chaur massif, where it is aparently overlain by the Jutogh carbonaceous slates. 
A comparatively large outcrop occurs to the east of Dadahu and at Narendra- 
nagar; between Dadahu and the Tons river, the Blaini for many miles forms 
part of an unusually regular sequence involving Mandhalis, Jaunsars, Blaini, 
Erol and Tal beds, in the northeastern limb of two large synclines. 

In interrupted ribbons and patches, the Blaini stage has been traced south- 
eastwards across the upper Jumna into the Dehra Dun district and Tehri Garhwal, 
where it is displayed in a syncline involving also Erol and Tal rooks. In Tehri 
Garhwal it lies normally above theNagthat or Jaunsar series. Auden finds that, 
east of longitude 78^7' the Blaini stage consists of two boulder beds separated 
by banded bleached slates and greyish quartzites; with the upper boulder bed is 
associated the pink magnesian limestone so typical of the Blaini of Simla. West 
cf this longitude, between the Jumma and the town of Dehra Dun, the lower 


i Oen, Bep. Bee,, LXII, 168 (1929). 

< J. B. Auden. Bee., LXVH, 375 (19^). 
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boulder bed is no^seen and appears to have been overlapped by the upper boulder 
bed and limestone, below which there is a striking unconformity.^ 

The Blaini boulder bed and Imestone are well exposed westof Lachmanjhula 
and at the confluence of the Huinl and Ganges rivers northwest of Kota.* The 
stage has thus been traced with small interruptions from Subathu to the Ganges, 
a distance of a hundred miles. Further southeast it has been followed into British 
Garhwal as far as the Medi Gad, five miles N. N. E. of Lansdowne^ and is equi* 
valent in part to the “ Boulder bed or ‘ Volcanic Breccia ” of Middlemiss Purple 
Slate series, the two having been joined up by mapping.* 

It is very doubtful whether the Blaini stage is present in Chamba State, aa 
claimed by McMahon.* As we have seen, it is believed to have a representative 
in Hasara, in the form of a conglomerate which shows no definite indications of 
a glacial origin; the unconformity beneath this conglomerate—the Tanakki 
conglomerate—is much greater than that beneal^ the Blaini of Simla. In the 
eastern Himalaya, a boulder bed, possibly of glacial origin, has been recognised 
below Darjeeling. A definite tillite, probably of this age, has been identified 
in upper Sikkim {vide infra) this is interesting in that it lies on the north side of 
the Great Himalaya range. The boulder bed of the Salt Range forms a geogra* 
phical link between the Blaini boulder bed and that of the Talchir series in the 
Peninsula. 

Mr. R. D. Oldham’s original suggestion that the so-called Blaini ‘^conglomerate” 
is not ordinary conglomerate but a glacial boulder bed comparable with and pro¬ 
bably equivalent to the Talchir boulder bed at the base of the Gondwana system 
has been confimed by the discovery of undoubted ice scratches and polished sur¬ 
faces upon some of the boulders in the lower boulder bed of the Simla area 
similar striated boulders are also recorded from the Blaini of the Neweli valley of 
eastern Siitaiur.* 

The boulder beds, usually of a dark grey-brown colour, consist of angular, sub- 
angular or rounded boulders or pebbles set in a fine-grained slaty or gritty matrix. 
The boulders vary in number and are sometimes absent altogether, the matrix 
in such cases being often a hard, greenish quartzite, full of closely packed polygonal 
joints. Under the microscope, the matrix is seen to consist of angular fragments 
#f quartz, quite ungraded, set in a dirty, fine-grained, quartz-clay material with 
laths of secondary sericite ; exceptionally, it consists of calcite or dolomite.* The 
matrix is often laminated, and the manner in which its laminae are bent under and 
arch over the larger included fragments is highly suggestive of a boulder dropped 
on to a muddy bottom and buried in later deposits of mud.* The matrix of the 
upper boulder bed is described as occasionally carbonaceous, passing down into 
a base of dark red slate. To what extent volcanic material enters into the com¬ 
position of the boulder bed matrix is not yet decided. 

1 Bee., LXXI, 73 (1986). 

• Bee., 12, 83(1937). 

s Bee., LXVI, 461 (1932). 

^Bec; LXIX, 76 (1935). The beds Identified by B. B. Oldham In Spiti as the 
equivalents of the Blaini are not slaolal and are younger than the Talohirs (JIfsm., LIII, 134, 
(1928)). There is little doubt, on the other hand, that the Tanakki conglomerate or boulder bed 
in Hazara (already described), is the equivalent of the latter (Bee,, LXV, 127 (1931)). 

• Bee., XXXVn, 129 (1908). 

• Cyril. S. Pox. Jfsm. LVn, 38 (1931). 

» J. B. Auden. Bee., LXVII, 377 (1933). 

• Bee., XX, 156 (1887). 
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The boulders range in sise from small pebbles up to masses of ten cubic feet 
and consist of dark slate (abundant and universal)} greenish quartzitic grit, recrys- 
tallised mosaic quartzite, sericite-quartzite, iGlne-grained arkosio sandstone with 
a glauconite-like mineral, sandstone containing many grains of phyllite and car- 
bo naceous slajte, grit with an isotropic clay-paste matrix (a rock matched in the 
B laini beds themselves at Gadhasar), green silt-stone or date, banded slate, and 
vein-quartz, ajl of which might well have been derived from the Simla Slates, the 
Jaunsars and probably also the Jutoghs. Occasionally, there are fragments of a 
buff-weathering, microcryastalline limestone of uncertain provenance, except in 
one case where it appears to be of Blaini type. The boulders, the majority of which 
consist of slate, are usually sub-angular or angular, but well-rounded pebbles are 
at the same time quite frequent; the angularity is determined for the most part 
by the jointing and bedding thickness of the parent rock. Auden records a grada¬ 
tion from tillite to conglomerate containing rounded pebbles of vein-quartz. 

When both are present, the two boulder beds are mutually separated by about 
150-200 feet of thin-bedded shales or slates which are black when freshly exposed 
to considerable depths, but which show a peculiar cream-coloured tint on weathered 
surfaces, and were, for this reason, called by B. D. Oldham the Bleached Slates ” 
this feature is not entirely restricted to this horizon but is universal and extremely 
typical of it. Oldham remarks on the extraordinary resemblance of the Bleached 
Slates to the Oangamopteria beds of Kashmir,^ and the two formations cannot, 
in fact, be very different in age. 

The limestone, which occurs typically above the upper boulder bed, is hard, 
siliceous, microcrystalline and generally pink or cream in colour; analyses show 
a content of nearly 43 per cent. MgCO^, and sometimes over 7 per cent, of silica. 
Its bedding is from half-an-inch to 6 inches across and is generally contorted. 
Auden records a less usual type of the limestone which is sandy, soft and often 
ferruginous, weathering to thick, dark orange brown crusts. By addition of 
clayey matter the limestone sometimes grades into calcareous shales and slates 
which may be purple or pink in colour ; in places as for ez:ample at Barog railway 
station, these are the sole representatives of the Blaini. 

In places, the boulder beds are strongly sheared, the matrix becoming cleaved, 
phyllitised and eventually schistose, and the pebbles flattened out and difficult 
to distinguish. On the northwest side of the Chauer massif, for instance, the 
Blaini when traced to the northeast becomes schistose and almost unrecognisable, 
the dense limestone undergoes little change but unfortunately dies out, the 
Bleached Slates” take on a prominent cleavage markedly oblique to the bedding, 
and the boulders become crushed and flattened.* To the south and southeast of 
the Chaur also, t.e., in the southeastern portion of Sirmur State, metamorphism 
increases not only in the Blaini but also in other beds, the boulder bed becoming 
altered to a phyllite in which it is difficult to distinguish pebbles from matrix 
such changes are best seen on the Juin-Chandhpur ridge.* An interesting 
feature in these crushed and sheared boulder beds is the elongation of many of the 
pebbles into ellipsoids with the major axes orientated, not invariably parallel to 
the HimalayUn trend, but occasionally in a direction more or less at right angles 
and parallel to the older Aravalli chain, $.6., N.B.-S.W. or B. N. B.-W. 8. W. 


* Bee., XX, 145 <1887); Ibid. XXXVH, 180 (1908); Ibid. XLUI, 139 (1913). 

* W. D. West. Bee., LXII, 165 (1929). 

* Qm. Bep. Bee., LXVl, 125 (1932); Ibid. LXTII, 875-376 (1988). 
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The thickness of the whole Blaini stage is normally about 200 feet, but is often 
considerably less or more, as already noted. In the Ganges river just below 
Lachmanjhula, for instance, the thickness of the upper boulder bed and Blaini 
limestone alone is about 460 feet, while atNarendranagar, the former, wither t the 
limestone, is probably 1,200 feet thick. In the country around Dehra ,the Bleached 
Slates intervening between the two boulder beds amount, to some 700 feet. If 
like the Talchirs of the Peninsula, the Blaini group were deposited upon an uneven 
floor, variation in thickness would be inevitable. In spite of this, the Blainis 
like the Talchirs, are extraordinarily widespread and constant in character, a 
results no doubt, of their peculiar origin. The Bleached Slates and perhaps some 
of the Infra-Krols, would appear to take the place of the Gondwana plant bedg 
which are found in Kashmir to the west and in the Darjeeling district to the east. 

Blaini stage in Sikkim.— Of great interest is the discovery in Sikkim, first 
by L. B. Wager, and again by J. B. Auden and G. B. Gourlay, of pebble 
and boulder beds which have been recognised by Auden as the Blaini tillite. The 
locality is the west side of Lachi hill, north of the main Himalayan range, and the 
tillite is associated in a complex way with quartzites, limestones and hardened 
shales from which Wager collected Lower Permian brachiopods.^ The pebbles 
collected by this observer are composed of quartzite, some of it rich in detrital 
tourmaline, pink limestone sericite tuff of rhoylite and muscovite-granite. In 
the bed recorded by Auden and Gourlay, pebbles are rare and the matrix, which 
shows a striking resemblance to the green silty sandstones of the Peninsular Talchir 
stage, is a dull greenish brown grit, made up of angular and completely ungraded 
grains of quartz, with subordinate microcline and sodic plagioclase set in a very 
fine brown paste full of sericite, biotite and quartz ; according to Auden this 
rock might be either glacial or pyroclastic in origin. On the Indian side of the 
main range, Fox notes a boulder b^, possibly of glacial origin, just above Tindharia 
station on the Darjeeling railway. In the neighbourhood and along the Tista 
valley occur outcrops of the intrusive mica peridotites and lamprophyres which 
form such a characteristic feature of the Damodar valley coalfields. 

Infra.Krol-stage.—^The Infra-Krol is a term given by Medlicott to certain 
slates and sandstones lying below the Krol Limestone of the Simla area. * The true 
stratigraphical position of these beds has been proved by Auden to be between 
the underlying Blainis, and the overlying Krol series which succeeds without at 
any rate any angular discordance. The incompetence of the Infra-Krol rocks 
has caused such close folding and inter faulting that no representative section is 
known and no reliable estimate of their thickness is possible. The fresh rocks, 
moreover, differ so markedly from the weathered that it is difficult to accept their 
identity without careful mapping. 

The Infra-Krol rocks are described by Auden as composed chiefly of dark shales 
and slates, interbedded in a varve-like manner with thin buff-weathering bands of 
impure slaty quartzite from ^ to four inches in thickness. Auden suggests that much 
of the Blaini and Infra-Krol may represent varved sediments associated with the 
Blaini glacial beds.’ Occasionally, thicker beds of pepper-coloured quartzite are 
to be seen. Towards the top, below the Krol sandstone and limestones, as for 
instance, on the spurs south of Krol hill and northwest of Rajgarh hill, the thin 
bands of slaty quartzite are missing and the shales of slates are carbonaceous. 

^Hee.,LXlX. 151 (1035). 

•Jtfem. Ill, Pt. 2,29(1864). 

’J2ec.,LXV, 132 (1031). 
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The banded facies weathers on the hUl-sides to a veij characteristic association 
of thin, balboas, shiny, gritty clay-slate, often green in ooloar, and concentric 
ring-bleached slates; the latter, which are lithologioaUy the same as the “Bleached 
Slates “ of the Blaini, are seamed with ramifying irregular joints, which become 
marked oat byharder ridges as a resalt of thr liberation of iron and its precipitation 
as a ferric hydroxide cement.* On account of intense small-scale folding ana the 
recent age of the cementation, the two rook types mentioned above usually occur 
together in complete chaos. Another universal featureintheberocksistheseepages 
of ferric hydroxide and white inorobtations of ferric sulphate and chloride, derived 
probably from th^ decomposition of pyrite and covering exposed surfaces. 

There is great variation in the extent of the metamorphism. The shales, for 
instance, which predominate around Solon become true slates in the lower Baliana 
river, with a cleavage dipping to the northeast. Farther southeast, they change to 
pearly phyllites and even become schistose ; in these places the rocks are seamed 
with ramifying quartz veins. Pyrite is abundant in the cleaved slates, and in 
all the rooks there is a large proportion of carbonaceous dirt. The bands of slaty 
quartzite or gritty clay-slate are often calcareous; the tougher of these [bands 
resemble the sandy limestone or calcareous sandstone facies of the Blaini. 

The minimum thicknebs of the stage is in the neighbourhood of 600 feet but no 
precise estimate is possible. The Infra-Krols may be recognised by their strati- 
graphical position and by their ring-bleached slates. They evidently corres¬ 
pond in age to part of the Agglomeratic Slate, or to part of the Kashmir plant 
beds, and are to be correlated with partofMiddlemiss, "Purple Slat eb’’in Garhwal. 
Whether they correspond in any way to the younger horizons of the Tanawal 
group, or have any identity with lower parts of the Infra-Trias, future investi¬ 
gation will decide. 

The Infra-Krols have been followed through the Dehra Dun district as far 
as Landsdowne in British Garhwal, where they occur as banded carbonaceous 
slates with saline efflorescences.* 


KROL SERIES. 


DbtribtttioD and dassifientioB.—^The nameKrol wasgivenbyHedlicotttoa 
limestone ana quartzitic sandstone in the Himalaya just below Simla, and is derived 
ficom the &ol hill near Solon. Broadly speaking, the Krol belt of this area, as 
worked out by Mr. Auden, in structure, is a nappe made up of two inverted 
tynolines of ^ol rooks, the whole included between two thrust-planes, the Krol 
Thrust Wow and the relatively local Giri Thrust above. Followed southeast- 
wards, the upper of the two synclines becomes much choppedup by smaller thrusts. 
Towards Dadahu, this upper syncline becomes less and less recognisaW, but its 
place is taken by a much xarser and more oMn feline involving Tal (? Jurassic 
or Oretaceous) as well as Ejcd strata; this urge syncline is tectonically above the 
Giri Thrust and is thus echelonned as it were on the other two synclines. It is 
below the Giri Thrust thaji the greatest havoc has been caused amongst the yielding 
Krol sediments, over which the hard Jaunsars and Simla Slates have been pushed. 
The irregular nature of the folding of the Krol and Ipfra-Erol rooks is due to their 
incompetent charecter, a feature which has localised and magnified the efteots 
of earth movement. Normally, the series follows the Infra-fcol stage, of the 


1 J. B. Auden. Mu., LXVn. 378 (1933). 
• J. B. Auden. Mu., LXVn, 437 (1938). 
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Blaini, and is overlain by the Tals. The following sequence, most of it of shallow- 
water, epicontinental origin, has been established by Auden:— 


Krol series. 


Solon area. 


Tons river area. 


Upper Krol Limestone 
Red Shales (Krol B). 


Krol E. 
Krol D. 
KrolG. 


r Upper Krol Limestone. 


Lower Krol Limestone (Krol A). 
Krol Sandstone (local). 


Krol SGrics.< 


Red Shales. 


Lower Krol Lime¬ 
stone. 


The Krol series, since it follows in a normal manner the Upper Carboniferous 
Blaini series, would appear to represent the Permian and probably also the Trias. 
The Blaini series and Krol scries would thus correspond to the Lower Gondwana. 
Beyond the Sutlej, the Krol limestones are apparently absent and do not reappear 
till Kashmir is reached, where they are probably represented by parts of the Tanawal 
Infra-Trias or Panjal Volcanic formations. The Lower Krol Limestone, especially 
has many features in common with the Infra-Trias Limestones, whose place is, 
in some places taken, as we have seen, by the Panjal Trap. For consistency’s 
sake, the boundary between the Permian and Trias may be assumed to be that 
between the Krol Red Shales and the Upper Krol Limestone ; in the absence of 
organic remains this suggestion is of course, purely arbitrary. The dolerite 
intrusives in the Krol as well as the Jaunsar and Tal beds are probably of Dras 
or Deccan Trap age, and will be referred to in a later chapter. 

Krol Sandstone. —The Kro. Sandstone is in reality a local phase of the Infra- 
Krol formation, and is well exposed along the Kalka-Simla motor road, at the foot 
of Pachmunda hill to the west of Solon, and at Salogra. Around Solon, it can 
be seen passing down into the Infra-Krol through a passage zone o-f about 100 
feet. It takes part in the Krol and Pachmunda synclines and in the synclinal 
structures to the southeast. OnthesouthernfaceofKrolhill,itis 350 feet thick, 
but decreases in thickness when traced to the southeast, and dies out near Dadahu, 
its place apparently being taken by the upper layers of the Infra-Krol. The 
Krol Sandstone, or where this is absent, the Infra-Krol beds, pass up into the 
Lower Krol Limestone (Krol A). The stratigraphical position of the Krol Sand¬ 
stone is probably comparable with that of the Infra-Trias sandstones of Hazara. 

As generally seen, the lowest member of the Krol succession is a soft, crumbling 
iron-stained sandstone with no good bedding near Kandaghat and in the stream 
flowing from Solon to the Giri river, it is a hard, well-bedded quartzite. In the 
tight E^wal Khal syncline, it is a horny quartzite strongly veined with quartz. A 
conspicuous feature in this somewhat artificial stage, according to Auden, is the 
presence of bands of small disc-like fragments of black shale which readily bleach 
and are almost certainly the result of penecontemporaneous erosion of underlying 
Infra-Korol beds.i Towardsthe southeast, the sandstonebecomes split up by bands 
of carbonaceous shale which disappear further in the same direction, the quart¬ 
zites with shale-discs being here accompanied by coarser lenticular pebble beds. 
Under the microscope, Auden has found the grains in the very fine varieties of the 
sandstone to be all angular ; in the coarser types well rounded grains are to be 
seen a result almost certainly of wind action, though followed possibly by water 
deposition. 


LXVII, 379(1933). 
9 GSI/64 
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Lower Krol Limestone.—The Lower Krol Limestone (Eirol A) around Solon 
is made up of rapid alternations by shaly limestone and a calcareous shale or slate^ 
in beds from one to four inches thick. These alternations are either parallel layers 
or consists of lenticular pillows of limestone surrounded by calcareous shale, Near 
Solon, the stage is capped by 20-50 feet of a more massive limestone which is 
frequently dolomitic. Small-scale current-bedding is frequently seen and in 
a few places ripple marks with a WNW.—ESE. strike. Cleavage is universal 
and the calcareous shales are disintegrated into pencils and needles which lie about 
on the hill-sides. Eastwards, true oblique cleavage has been developed and 
between Dadahu and the Tons river banded grey and green slates make their 
appearance, in places becoming puckered, veined with quartz, and almost pbylitic. 
Black chert is common in thin bands or in imiall pillows, and a small lenticle of 
gypsum and subordinate anhydrite occurring at one place in the limestone is 
thought by Auden to be an original dejjosit therein. The real thickness of the stage 
varies from about 300 feet on Pachmunda hill to 700 feet, a few miles southeast 
of Solon, but the actual thickness is often reduced or multiplied by thrust-faulting. 
To the southeast of the Simla region, the stage becomes much thinner but is again 
seen well developed south of Mussoorie and aldng the Ganges by Lachmanjhula. 

Red Shales.—Krol B consists of soft, thinly-laminated, purple-red shales 
with blotches and intercalations of green chloritic shale, and thin honeycomb 
weathering dolomitic and cherty limestones, resembling the rauchwacke of the 
Alps, the maximum thickness of the stage reaching about 300 feet. Ripple mar¬ 
king is sometimes seen, and near the top are parallel-bedded, shaly limestones 
similar to those in the Lower Krol Limestone. The shales of this stage are very 
incompetent and the bedding consequently is seldom preserved. Slaty cleavage 
is never developed. 

Upper Krol Limestone.—Krol C, the most conspicuous limestone on the hills 
around Solon where it occurs in a single cliff from 150 to 300 feet high, is a massive 
dark blue, frequently dolomitised crystalline limestone, with a foetid odour on 
fracture, and weathering to black “chopping-board*’ sfuraces. 

Sub-stage D comprises alternations of cherty, foetid limistone in beds from ten 
t o thirty feet thick, a nd black, red,green and orange shales. Its minimum thickness 
is about 600 feet and shale susually predominates. The chert is pale in colour and 
occurs as thin wisps or bands up to two inches thick in the limestones. The darker 
varieties of the shales often bleach like those of the Infra-Krols. Conglomerates 
with pebbles of vein quartz and chert are rare, but s5me of the limestones, show 
penecontemporaneous brecciation. In several localities, gypsum in pockets has 
been noted as replacing the limestone. Soft white sandstones are often found. 

The rocks of the highest sub-stage, Krol E, are well bedded, with beds from one 
foot to five feet thick, and afford rugged scenery. They attain a minimum thickness 
of about 500 feet and are seldom seen below an altitude of 4,000 feet. The main 
type is described as a banded grey and cream-white microcrystalline limestone, 
with thin crinkled veins of calcite which stand out slightly from the weathered 
surface in the form of sutures. Fresh surfaces of the paler varieties are white 
and porcellainous. With increase of quartz-grain, the limestcsies pass to pale 
n^ndy limestones from the weathered surface of which the quartz grains project 
like millet seeds, and finally to pale calcareous sandstones. The sand grains are 
both angular and rounded and pellets of calcareous mud are common. Less 
frequent are saccharoidal limestones andcream-white varieties showing tubular 
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Rnd ellipsoidal growths of calcite radial to cores of calcareous mud and deceptively 
like coral. Locally, tourmaline is a common detrital mineral in the Krol E lime¬ 
stones. 

A highly dolomitic character is typical of most of the Upper Krol limestones 
some of them approaching theoretical dolomite in composition ; one of these dolo¬ 
mitic limestones, a little south of Top Tibba on the Mussoorie-Tehri mule-path, 
is beautifully ripple-marked. 

North west of the Simla area, cherty limestones and interbedded red and black 
shales of Krol D type have been noted by Auden on the path between Bilaspur 
and Parnali. 

Krol Succession in Dehra Dun and Garhival. —Auden has traced the Blaini 
Infra-Krol: Krol: Tal sequence southeastwards into Dehra Dun and Tehri Garhwal 
where it is exposed in the usual synclinal arrrangement, with a NW.-SE. trend 
the following succession can be recognised :— 

Upper Krol Red dolomites, limestones . 

Krol Red Shales. 

Lower Krol limestones and shales . 

The Krol nappe, which here involves not only the Krol series but the Blaini, 
Nagthat and Chandpur beds below, as well as the Tals above, is made up of an 
uninverted stratigraphical sequence of something like 20,000 feet of strata. It is 
bounded below by Krol Thrust, which has brought the rocks over a foundation 
mostly of Simla Slates but sometimes including beds as young as the Nummulitic, 
^'windows” of which have been exposed by denudation The upper boundary is 
the Garhwal Thrust which brought other nappes over the Krol. The Krol and 
Tal outcrops of the Mussoorie syncline stretch from Mussoorie, southeastwards to 
the Huinl river in Tehri Garhwal, where they terminate. South of it and en 
echelon with it is the larger Garhwal syncline, which includes Krol rocks and 
is still tectonically about the Krol Thrust, forming part of the Krol nappe^; the 
Krol outcrop of this synoline ends southeastwards at Narendranagari'. In Dehra 
Dun and Tehri Garhwal, most of the Krol limestones are almost pure dolomites. 
The well known Mussoorie ridge, from Banog to the Landour bazar, is made up 
of the Upper Krol limestone, the “E” sub-stage being well exposed opposite 
‘‘Stiffles cocktail bar”. 

The various stages of the Krol, as well as the Infra-Krol, have been traced to 
near Lansdowne in British Garhwal. Here the tihn-bedded Krol A limestone of 
the Solon area, a hundred and twenty miles distant, is represented largely by 
calcareous slates, which were included by Middlemiss in his ‘‘Purple Slate series”;* 
this change is one of original composition and not of differential metamorphism. 
On the “C” sub-stage (Middlemiss ‘‘Massive Limestone”), rest the Lower Tal 
beds, sub-stages ‘*D” and “E” being apparently absent. Below it is stage “B” 
with its sheared red slates and blotches of limestone. 

Since the limestones at Naini Tal in the Almora district further to the southeast 
are in all probability Krol, the total length of the outcrop of the series must be 
at least two hundred miles. Auden suggests that some limestones just north of 

* Oen, Rep. Bee. LXVill, 68 (1934) ; Ibid. 71, 74, PI. 36 (1936) ; Ibid. 72, 83 (1937). 

* J. B. Auden. Ree. LXVII, 428 (1933). 
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Udaipur Garlii in Nepal may belong to this series, and it is not unlikely that the 
Baxa series of Bhutan, still further to the east, as well as the limestone of Mount 
Everest, also corresponds to the Krol (vide infra). 

SHALI SERIES OF THE SIMLA AREA.. 

Opposite to the Mashobra ridge, towards the northeast, is the prominent peak 
of Shali (9,408 feet), forming part of a hill well known to frequenters of Simla, 
and consisting of a thick massive limestone, Below the main outcrop bu t separated 
therefrom by a broad belt of the so-called **Madhan Slates*’ is another irregularly 
shaped band, part of it forming the bed of the Sen] (Sainj) or Nautiriver. Tho 
Madhan outcrop wraps round the eastern half of this band, but the western half 
is bounded on the south and southwest by a narrow belt of grey slates, described 
aB younger in appearance than either the Jaunsar or the Chail slates and dipping 
conformably under the Shali limestone which hero forms the steep and often 
preci]pitous northern side of the Nauti Khad.^ Pilgrim and West record a gradual 
.transition from these grey slates, through slates which contain thin bands or 
lenticles of limestone, often impure, up into typical Shali limestone with its black 
chert bands. The limestone and slates, with some quartzites at the top ana bottom 
]]^ave therefore been grouped together as the Shali series which undoubtedly 
^nderlies the Madhans. 

The detailed structure of this area has recently been worked out by Dr. W. D.. 
West, and will be further referred to. The Shali series, the Madhan Slates, and 
some still younger beds of Tertiary age (Subathu and Dagshai) have been exposed 
beneath a tectonic window produced by the denudation of the ancient Chail 
rocks which had been thrust south westwards for many miles over them,® The 
jplane along which the older rocks have moved—the Shali Thrust-plane—is probab¬ 
ly the same as the Giri Thrust, already mentioned in this chapter. Of the rocks 
laid bare beneath the window, those of the Shali series have features in conimon 
with the Krol and are provisionally correlated therewith. A large patch of these 
rocks around and including the Shali peak has been exposed and is seen to be 
folded in the form of a dome-structure on the eastern end of an anticline. Tho 
Shali series has been sub-divided by West as follows :— 

(Madhan Slates). 

'Upper or or Shali Quartzite. 

Upper Shali Limestone. 

Shali series . . Shali Slates. 

Lower Shali Limestone. 

^Khaira Quartzites. 

Omitting the uppermost quarzite, the sequence shows a distinct rese(mblanco 
to that of the Krol, the nearest exposure of which lies about fifteen miles to the* 
south. 

Above the white and purple Khaira Quartzites comes the Lower Shali Limestone. 
The lower part of this stage is a pink calcitic limestone, banded at the base ; the 
higher part is a massive, grey, dolomitic rock with occasional bands of chert* 
The Shali Slates stage in eludes a variety of slates and slaty limestones; it is made up . 
typically of dull black, splintery slates, bleaching to a light grey colour, and passing 
down into a banded slaty limestone and up into thin-bedded earthy limestones. 

» Gay E. Pilgrim and W. D. West. Mem. LIU, 123-124 (1228). 

® Esc. 74, 138 163(1989). 
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Unlike the Chail slates, those of the Shall series are neither schistose nor phyllitic, 
but either simple clay slates with little or no metamorphism, or true slates with 
a cleavage but no signs of further alteration. 

The Upper Shall Limestone is an intensely hard, massive, grey or blue, dolomitic 
limestone, weathering to a dirty white colour, and characterised throughout ahnost 
its entire thickness by parallel sheets of black chert; the latter are mostly from 
^-inch to two-inches thick, but bands of three or four inches are not infrequent, 
and sctoe are even thicker. The chert is absent from the highest beds, which 
consist of thin-bedded cream-coloured limestone associated with a few bands of 
thin-bedded quartzitic sandstone. Assuming that there is no reduplications 
through folding in the main outcrop, the thickness of the limestone cannot be less 
than 1,200 feet. It forms the summit of the Shall peak and of the range on either 
side. The uppermost quartzite (Shall Quartzite) is pure white in colour and 
sometimes contains chert. 

Five or six outliers of the Shall Limestone are seen lying within the boundaries 
of theMadhan outcrop. In some places, slices ofthe Shall Limestones are described 
by West as having been torn off the main outcrop and dragged along by the Shali 
Thrust so as to lie upon the autochthonous Tertiary rocks. Other outcrops re¬ 
present large fragments of the limestone which have become thrust into or caimht 
up by the over-riding Chail rocks. The Madhan Slates appear to be post-Krol 
and may belong to the Trias or Jurassic. The Shali Limestone is described as 
differing lithologically from either the Krol or the Doeban. 

THE DEOBAN LIMESTONE AND THE MANDHALI SERIES. 

Here may be considered two Himalayan formations which are of doubtful 
age but which may possibly occupy some portion of the stratigraphical sequence 
described in this chapter ; they are the Deoban Limestone and the Mandhali series. 

Deoban Limestone. —Above the Simla Slates of Chakrata and their accom¬ 
paniments, and occupying the higher parts of the mountains north of that hill- 
station, is a hick limestone formation named after the Deoban peak and with a 
general dip towards the northeast. To the southwest, it overlies the beds known 
as the Mandhalis with a marked discordance which probably coincides with a 
thrust. It is succeeded above by a conglomeratic sequence of the same Mandhali 
series, among which are pebbles of a limestone which was correalated by R. D. 
Oldham with the Deoban.^ If this correlation be correct, the Deoban Limestone 
would appear to occur stratigraphically below the Mandhalis. On the other hand, 
it has been suggested that the Deoban is an expanded development of the Xakar- 
hatti Limestone and thus part of the Simla Slate series.® From the Kakarhatti 
Limestone it differs somewhat in lithological character and in its great thickness ; 
with the Shali Limestone it has even less lithological similarity. 

The Deoban is a great limestone formation, with a varying proportion of inter • 
bedded thin shale or slate bands which are occasionally more highly coloured. 
The limestones are pale bluish grey, bedded, often dolmitic and sometimes oolitic. 
Some of the beds contain chert nodules in large numbers. In others, which are 
generally mephitic a peculiar pisolitic structure is developed, consisting of black 
nodules lying in a white matrix. Curious stromatoporoidal structures have 

1 Rec. XVI, 106 (1883). 

• J. B. Auden. Rcc, LXVII, 365 (1033). 
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boon observed in some of the b&nds, and have boon recorded from limestones west 
and south of the Giri in Sinnur, in Eumaon, in Eolu, as well as in the Slate seriea 
of the Qandgarh range of Hazara. 

The Naldera Limestone occurring presumably at the base of the Chail, and 
the Eakarhatti Limestone in the Simla Slates are both charactrised by pseudo- 
organic structures,^ but these are said to be of a different kind from those found 
in the Deoban. The Deoban Limestone has resemblances not only to rocks from 
localities mentioned, but also to some of the Cuddapah beds of the Peninsula.® 

East of the Chaur area, the Deoban formation is of great thickness, consisting 
mainly of massive limestones, commonly full of chert, with some inbedded shales,, 
but with no trace of identifiable organic remains*. Here it has a gentle dip to the 
north or northwest, and shows no sign of folding till near the Tons river. It 
occupies the hill of Isue Tibba and extends in a wide belt to the northeast. It haa 
been traced by Middlemiss into Tehri Garhwal, where it is associated with sombre- 
tinted grey shaly slate, slightly schistose in character^. In British Garhwal, 
what is believed to be the Deoban Limestone has been noted by Auden between 
Manwa Devi and Ganpurgarh, where it is overlain by an acid volcanic suite ; 
here it has been mineralised, and in it are stitua ted the copper mines of Dhanpur- 
Dobri. Along the Alaknanda, this massive limestone, dipping northwards, ap¬ 
pears to be overlain by massive quartzites and phyllites which have a resemblance 
to the more arenaceous type of Janusars near Chakrata but which are probably 
nearer in age to the Mesozoic Tal series ; above the quartzites and phyllites comes 
a suite of basic lavas very like the Fanjal traps.* In the Gohna area, a hundred 
and thirty miles north of Naini Tal, occurs an irregularly crumpled succession of 
carbonaceous shale and dolomite. These dolomitic limestones and dolomitea 
are grey or cream-coloured, sometimes massive, sometimes well banded, and in 
them have been found stromatoporoidal structures similar to those characteristic 
of the Deoban Limestone and its possible equivalents. In Naini Tal itself, the 
massive dolomites associated with the so-called ‘Turple Shale series” is thought 
to belong to the same formation as those of the Gohna area*. 

Mandhali Series. —The Mandhali, a formation founded by B. D. Oldham,, 
shares with the Chandpur series as well as with the Nagthat or J^aunsar series the 
protean character which is one of its marked features. The Mandhalis comprise 
quartzites, slates, limestones, conglomerates and boulder beds in the most variable 
proportions, and interestratified in the most extraordinary manner. Slates or 
even limestones, for instance, are not uncommonly seen interbedded with coarse 
grits or conglomerates. Oldham attributes this variability to deposition in close 
proximity to land, a large proportion of the debris having been derived evidently 
from older rocks of an adjacent upland or mountain terrain. Auden suggests that 
the conditions of accumulation were in the main fluviatile and continental.® In 
northern Jaunsar and Bawar, where the series rests upon the Deoban Limestone,, 
fragments of the latter, according to Oldham, are extremely abundant in the 

»K?en. Rep Rec. XXVII, 58 (1894) 

*D. N. Wadia. Mem. LI, pt. 1., 66 (1926). 

*Gen. Rep. Bee. LXII, 166 (1029). 

*J?ec. XX, 31-32 (1887). 

*Xec. LXIX, 134 (1935). 

•Rec. XXIll, 24.38 (1890); Ibid. XXVII, 67-58 (1894). 

•Rec. LXIX, 150 (1935). 
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Mandhali conglomerates, several of which are composed exclusively of rounded 
boulders of Deoban limestone embedded in a matrix of the same rock finely com¬ 
minuted ; in southern Jaunsar, where it rests on quartzites, the series, consists 
almost entirely of coarse quartzites and grits. 

Among the most conspicuous features of the Mandhali are the boulder beds 
which in places are indistinguishable from those of the Blaini series correlated 
with the Upper Carboniferous Talchir. The chief differences between the Man- 
dhalis and the Blainis are (i) the disorder that prevails among the Mandhali rocks 
as compared with the orderly sequence in the Blainis; (ii) the totally different 
sequence which overlies each of the two formations ; and (iii) the invariable pre¬ 
sence among the boulders of the Mandhali boulder beds of limestone or marble, 
which is rare in the Blaini boulders. These differences, however, are not inex¬ 
plicable on the assumption that the Mandhali and Blaini are equivalent. The 
greater disorder in the Mandhalis may be a local characteristic due to greater dis¬ 
turbance ; the beds succeeding them are now believed to have been thrust into 
their present position ; finally, the presence of limestone boulders in the Mandhalis 
may very likely be due to the immediate proximity and subjacency of the Deoban 
Limestone. Dr. West is inclined to equate the Mandhali and Blaini, and remarks 
that the highest stage of the Mandhali in the type area is a thin-bedded pink lime¬ 
stone, weathering to a cream colour, exactly like a Blaini Limestone. In this area 
also there is no suggestion of either a thrust or an unconformity between the 
Mandhalis and the underlying Deoban, but strong evidence that the latter passes 
up gradually into the former. On this evidence, the Deoban Limestone would 
occupy a stratigraphical position corresponding to the Middle and perhaps also 
Lower Carboniferous, and thus fill to some extent the gap between the Jaunsars 
and the Blaini. 

South and southeast of the type area, conditions are more confused. 'While 
the Blainis pass up into the Infra-Krol: Krol: Tal succession (Permian to .Turassic 
or Cretaceous), rocks equated by Oldham with the Mandhalis appeared in one loca¬ 
lity to pass up normally into the overlying Chandpurs, and it was thought possible 
that the Mandhali boulder beds, which graded in places into ordinary conglo¬ 
merates, were not necessarily glacial but might be the agglomeratic forerunners 
ofthe tuffs in the seemingly succeeding Chandpur series. To the south of Chakra ta, 
as well as to the east of Dehra Dun, an abrupt contrast in metamorphism waa 
observed between the less altered Mandhalis and the more altered overlying 
Chandpurs. Such an abrupt vertical change i® a feature of thrust-faulting and 
it seemed possible that the two series might be separated from each other by 
thrust, distinct from that which has brought both of them over the Tal (Meso^oi c ) 
beds. The difficulty here is that the unconformably overlying Nagthat (?Devonian) 
beds appear to overlap the Chandpur-Mandhali boundary, from which it rrould 
follow that the presumed thrust between the Mandhalis and Chandpurs must 
have been pre-Nagthat and, therefore, very much older than the Tertiary thrust 
which brought both series up over the Tals^. In these particular areas, there is 
more incentive to correlate the Deoban and Mandhali with the upper part of 
the Krol (Mesozoic), but it is not definitely certain that the beds here identified 
as Mandhalis by Oldham and accepted as such by Auden belong really to that 
formation. Oldham was strongly in favour of equating the Deoban with the 
Krol. 


^Gen. Re^. Bee, LXXI, 76 (1936). 



$28 MANUAL OF GEOLOGY OF INDU AND BURMA [VOL. II» 

The so-called Mandhalis outside the type area include a boulder bed, the 
matrix of which is either slate, gritty slate or pure sandstone, while the boulders 
and pebbles consist typically of limestone or marble, dark slate, sheared quartzite 
and vein quartz. The rock includes slivers of limestone, which have evidently 
been formed in situ since they are too elongated to be the result of stress upon 
limestone fragments, and lenticles of sandstone some of which grade insensibly 
into the matrix. At least two bands of limestone from part of this succession, 
one of them closely resembling that of the Lower Krol but differing therefrom 
in its more frequent interbanding with slate, its markedly angular folds and its 
frequently sandy basis. The basal beds of these doubtful Mandhalis consist of 
quartzites and bleached slates, the latter reminiscent of similarly affected slates 
in the Blaini series. 


EXOTIC BLOCKS IN GAEHWAL, KUMAON AND NAGAKI KHORSUM 

(HUNDES). 

Among the exotic blocks found in large numbers on the Great Himalaya of 
Malla Johar and Ngari Khorsum, in the neighbourhood of the Chiticbun (Chirchun) 
peaks and the Balchdhura heights, some consist of limestone identified, in a few 
cases, from fossil evidence von Krafft Nos. 9,11, 12, 13,15,18 and perhaps 19, 
as well as Chitichun peak No.l ,bolong to this category. These blocks are probably 
of the nature of hlifpen, isolated from their parent masses by extensive thrusting. 
The wurzelregion of these tectonic outliers is presumed to lie in the unsurveyed 
tracts to the north, northeast or east.^ 

These exotic blocks are found sometimes overlying the Spiti Shales of Jurassic- 
Cretaceous age, sometimes younger Flysch formation of sandstone and shale 
(probably Cretaceous), but are inextricably mixed with the embedded masses of 
andesite and other basic igneous rocks. These innumerable foreign blocks of 
sedimentary rock vary in size from mere pebbles to masses large enough to form 
features in the landscape. Blocks of limestone, sandstone, Spiti shale and Flysch 
representing stratigraphical horizons from the Permian to uppermost Cretaceous 
lie scattered in confused jumble amid the volcanics ; most of the blocks are un- 
fossiliferous or poor in fossils. Their peculiar position and their origin will be 
considered in the final chapter. 

Lithologically, the rock of the Permian Mippen is a light grey and red, massive, 
marble-like, crinoidal limestone with many cleavage planes. On blocks of this 
age “No. 9“ and Chitichun peak No. 1 are the only two which exceed 50 feet in 
diameter. 

It is difficult to say whether the famous crag of Chitichun No. 1(17,740 feet), 
rests at all on the Spiti Shales which crop out extensively in the neighbourhood, or 
entirely on basic igneous rocks and their tufa, since the base of the crag is obscured 
by talus and the Shales and igneous rocks are intimately mixed together. The 
latter is described by Diener as intrusive into both the Spiti Shales and the exotic 
limestone, and dated cither from Cretaceous times or soon after. The limestone 
appears to be bedded almost horizontally but is so seamed with cleavage planes 
Rnd thrusts that it is difficult to be certain of this. From Chitichun No. 1 has 
been collected the following rich fauna, identified by Diener: 


lilfem. XXXtl, 170 (1902). 
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Actinozoa— 

*LofMiakia {WaagenophyUum) indica Waag. and Wentz.» 

coraUoidea Sow., yar-odtcAi Waag. and Wentz, (equipvalent to the Upper Pro* 
duotus Limestone form A. ahichi Waag. and Wentz.) 

Zafhrentis beyrichi BothpL, 

Oltsiophyllum sp., 

JDibuno'phyllum sp., 
iPetrophyUum sp., 

Porifera— 

^Amblyaiphonella aff. vesiculosa de Kon. 

Bryozoa— 

Fenestella sp., 

Braohiopoda— 

*sProductus {Linoproduetus) lineatus Waag., 

* », „ Cora d’Orb. (probably including P. (L) aagardi Toula, var. 

implicata Beed), 

!!! •/ cancriniformis Tschorn., 

* „ {Ruthenia) purdoni Dav., var. circularis Beed (Dienor’s “P. dbichi Waag.**). 

* „ (Dictyoclostus) of. subcostatus Waag., 

* „ „ of. inca d' Orb. 

■* „ „ of. transversalis Tsoherr. (Dicner’s “P. semireticulatus Mart.*’), 

{striati/era) mongoUcus Die a., 
ehUichunensis Dion., 

„ narastanensis Dien., 

*Marginifera gragiosa (Waag.) 

* „ of. morrisi Chao (Diencr’s “if. typica Waag.”), 

Aulosteges tibeticus Dien. 

*Lyttonia Leptodus**) nohilis Waag., 

'*Spiriferina {Spiriferinella) Schloth. (octoplicata Sow.), yar, fustigata Sohellw* 

(//8. {S.) bilotenis Beed, var. curta Beed). 

* ,, (Mansuyella) margaritae (Gemm.), 

*^pirifer ( Choristitella) wynnei Waag., 

,, {^eospirifer) musakheylensis Dav., 

,, tihetanus Dien. 

‘*Martinia of. glabra Mart., 

* „ eUgans Dien. (? a variety of if. distefanoi Gemm.), 

,, nucula Bothpl., 

* „ corculum (Kut.), 

* „ acutomarginalis Dien, (probably the equivalent of if. semiratnis Gemm.), 

„ contracta Meek and Worthen, 

*Athyris {GUiothyridina) royssii Lev., 

* ,, capillata Waag., 

* „ subexpansa Wfaag., 

,, expansa Phill., 

*'B.^istedia grandicosta (Dav.) (probably the equivalent of H. remota Bichw.), 

*Uncinella ci. indica Vf&ag,, ) 

*Spirigerella derbyi Waag., var. aciitiplicata Waag., 

„ grandis Waag., (S. timorensis Bothpl.) 

,, pertumida Dien., 

Entiletes tschsmyichewi Dien., 

* „ waageni Gemm., 

* „ subaequivalvis Oomm,, 

^Vncinunellindjabinsis (Waag.), (found also in north Sikkim). 

* „ theobaldi (Waag.) 

*Tcrebratuloidea of. depressa Waag. 

*Oamarophoria purdoni Dav., 

„ „ var. gigantea Dien-, 

„ aff. cuneiformis Beed, 


^Fal, Ind, Ser. XV, Vol. I, Pt. 5 (1903), some modifications have been made. 
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*Camarophoria glohulina Phil!., 

„ of. aem'^licata Gemm., 

„ aff. crumena Mart., 

’^Eemiptychina himalayensis (Day.) (cf. Beed’s variety obligato), 

* „ sparsiplicata Wagg. (Diener’s himalayenais, var. sparsiplicata^*), 

• „ inflata Waag., 

* ^ »> (Beecheria) stiblaevia Waag., (Biener’s “JJ. himidayensis, var. aublaevia'^)^ 

Didasma (Heterdama) of. biplex Wagg. 

„ of. dongatum Schloth., 

• M jiKca Kut., (probably Beed’s variety arcuata), 

M aff. A(Mtoe/ome Be Kon-, 

Notothyria triplicata Bien., 

„ of. avhveaicularia (Bav.), 

*{lOefonia) mediterranea Gemni. (or a variety). 

„ exilia Gemm., 

,, walkeri Bien., 

,, revocata Beod. 

*Riehtfiofenia sp. 

Lamellibranchiata— 

*Avi(iulopecten ^L^{. jabiensia Waag., 

Gastropoda— 

Batieopaia sp. 

Cephalopoda— 

Staeheoceraa trimurti Bien., 

Bautilva (Dormtoceraa) hunicua Bien., 

*Xenaapia carbomria Waag., {*'Xenodiacva earbonarina*). 

^Cyclolobua walkeri Bien. 

Trilobita— 

Phillipaia middlemiaai Bien., 

Gheiropyge himalayeniaea Bien. 

Among the three small blocks east of Chitichun No. l,one has yielded **Productu8 
semireticulatus'* and is therefore probably of the same age as the Chitichun rock ; 
it is described as of sufficiently large size to preclude its having rolled down from 
the eastern slope of the Chitichun peak. 

Exotic Block No. 9, which has a volume of at least 3(X) cubic feet, is seen in the 
more southerly of the two branches on the umer Eiogarh river, near the camping 
ground of Malla Sangcha, resting mostly on flysch of upper Cretaceous age. From 
it have been collected some 44 species, three-quarters of which are identical with 
Chitichun forms. Again brachiopods predominate both in number of species and 
in number of individuals. The forms not found on Chitichun are : 

Braolxlopoda— 

Produetua cf. undotus Bofr., 

„ waagenianua Girty, (or P, eucharia Girty). 

^Marginifera helcia Abich., ' 

^Scacchinella sp., 

Ortkothetea kn^i Bien., 

^Spirifera (N^pirifer) aff. tnorcoui, Waag., 

Squamnlaria of. dieneri (ScheUw,), 

Spirigerdla derbyi Waag., var. compreaaa Beed, 

Enidetea of. degana Gemm., 

BO^ynchondla aff. hofmanni Krot., 

•Bdothyria mintUa Waag., 

„ ovalia Gemm., 
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Lamellibranchiata— 

Avicuhp^n ef, hiemalis Salt., 

Leiopteria sp., 

Lima aff. retifera Shum., 

Gastropoda— 

*Saticop8is khurenaie Waag., 

*JBelUrophon aff. pholitus Waag., 

PUurotomaria ? (Trepospira) hunica Dicn* 

*Salt Range form. 

The Chitichun crag and No. 9 Block are evidently derived from the same forma¬ 
tion a nd the two lists of fossils given above may be combined into one fauna. The 
presence of the ammonite, Stacheoceras points to an age younger than the Up))ei 
Carboniferous while Xenaspis carbonaria and the species of Cydohlvs would 
seem definitely to bring the level of this fauna above the Artinskin ; at the same 
time, the two trilobites corroborate the evidence of the fauna as a whole against 
any high horizon in the Permian. Nearly half the brachiopods are identical with 
species in the Middle Productus Limestone of the Salt Range, and the Chitichun 
fauna is referred by Diener to the upper portion of this stage.^ 

BAXA SERIES OF DARJEELING AND BHUTAN. 

In the foot-hills of Bhutan in the eastern Himalaya, a series of beds named 
after the hill-fort of Baxa has been distinguished, composed chiefly of variegated 
slates,, quartsutes and dolomite, the latter being the most prominent member of' 
the succession and some 1,500 feet in thickness. The dolomite is described as 
generally massive with obscure bedding, but frequently shaly and passing at times 
into a dark grey slate ; it is light grey or rarely white, saccharoidal, and characterised 
by nests of more coarsely crystallised calcite and drusy cavities lined with the 
same material, scattered through it. This main band of dolomite is traceable 
from the Rehti to the Tursa, and again for some miles cast of Baxa*; owing to 
the softness of the rocks above and below, it gives rise to a bold ridge sometimes as 
much as 3,000 feet in height. The assemblage also includes dolomite irregularly 
interbanded with jasper, an association which shows well the sharp, small-scale 
folding so common in the Baxa series. Forming part of the sequence is a strong 
band of quartzites and quartz schists some, of the latter being graphitic ; carbonace¬ 
ous slates have also been observed. 

The total thickness of the Baxas is unknown since its base is nowhere seen 
and its upper boundary is probably a thrust. This series lies between the Daling 
beds and the Damudas, but across the Darjeeling boundary to the west its outcrop 
becomes very attenuated and disappears before the Mo Chu is reached, the Dalings 
forming a broad belt between the Darjeeling Gneiss and the Damuda rocks. The 
Dalings appear to overlie the Baxas and the Damudas, all dipping steeply towards 
the centre of the mountain chain. For this reason and in view of the 
degree of metamorphism shown by some of its beds, the Baxa series was referred 
provisionally to the early Palaeozoic or Purana, but the succession is —in part at 
least—inverted by overthrust, a feature so characteristic of the Himalay; the 
extent of metamorphism is an unreliable age-indicator in a region which has suffered 

*Pal. Ind. Ser. XV, Vol. I, Pts. 3 and 6 (1897 and 1903). For further information con" 
oerning the Chitichun area, reference may be made to the work of Heim and Gansaer. [Lanh^- 
ohr. dar Sohweis. Nature. Geaella. Bd. 73, Abh. 1, 137 (1939)]. 

>F. R. Mallet. Mem. XI, 34 (1874). 
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late and intense disturbance. Nonetheless, although the Dalings are undoubtedly 
lower in the stratigraphical scale than either the Baxas or Damudas, the super¬ 
position of the Baxas over the Damudas would appear to be a normal uninverted 
sequence, if the former are correctly equated with the Erol series of the north¬ 
western Himalaya. Mallet, who first described the succession, noted points of 
resemblance between the Baxa series and the Erol series, and, in fact, suggested 
a Qondwana age, and the evidence available seems just as much in favour of such 
a correlation as of the assignment of the Baxas to the Purana. 

The Baxa and Daling series were recognised and mapped indistinguishably 
as Purana in the more eastern parts of Bhutan by Dr. Pilgrim who was inclined 
to refer to the former a massive white quartzite not less than 10,000 feet in thick¬ 
ness which he traversed three times between the Siwalik boundary and the Euru 
Chu ; these quartzite exposures form precipitous cliffs of 5,000 feet on the western 
side of the Pagla Dia. Whatever the age of the quartzite may be, the extension 
of the Baxa series to these parts is made certain by the occurrence of the dolomitic 
limestone with the characteristic nests of calcite described above. In places, 
the dolomite has undergone extensive silicification with the production of thick 
beds of a powdery white jasper. The dolomite may be left in the form of thin 
bands or lenticles in the jasper, while in other places it is the dolomite which pre¬ 
dominates, the jasper occurring in thin layers therein. The dolomite passes into 
thin-bedded calcareous slates, and below these are fiaggy quartzites and quartz 
schists wholly different in appearance from the massive quartzites mentioned 
above alternating with these quartzose beds are thin bands of dolomitic limestone 
which x>ass into more slaty beds. On the northern side of the Eenga La, Pilgrim 
records a thickness of 1,500 feet of massive dolomite. Although the dolomites are 
seen to dip under the massive quartzites of the Manas river, there is reason to 
believe that the latter are the older, as they are thought to be in western Bhutan, 
and have been thrust over a sharply folded syncline of the dolomitic assemblage. 
Loose specimens of rock gypsum are recorded from some of the stream beds of 
this area and are believed to have been derived from the Baxa series. The soil 
amid the dolomite crags nourishes an abundance of the beautiful Saxifraga ligulata 
and the somewhat rare ground orchid Cypripedium farninruma^. 

Two belts of a dolomitic series were traversed by Dr. Coggin Brown during 
the Abor Hills expedition up the Dihong (Dihang) river, some 250 miles, E.N.E. 
of the last-mentioned locality. The belt near the plains occur in the ‘‘Abor 
Volcanic series” but is extremely badly exposed; the rocks include breccia ted 
limestone, slates and phyllites, all typically showing contortion. Around the 
village of Eomsing are highly contorted purple slates, while pieces of slaty dolo¬ 
mitic limestone are to be picked up on the neighbouring hill-sides. 

The inner belt comiuences at the precipitous descent from a 4,000-foot water* 
shed to the Sisi river over ‘‘metamorphosed and very brecciated dark bluish-grey 
dolomites in thick beds, with an occasional layer”. Associated with the dolomites, 
which are repeated near Rikor village, are dark, fine-grained, biotite schists, 
quartzite bands, sericite schists and micaceous phyllites, in all of which long 
Jenticles of quartz are common.* 

The dolomites of these two belts may be provisionally assigned to the Baxa 
series, but such an allocation cannot be made certain until the detailed structure 
of these hills has been determined. 


iCarl Diener Rec. XXXIV ; 26-29 (1906). 
»Rec., XLII, 246-261 (1912). 
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GONDWANAS OF THE EASTERN HIMALAYA. 

Extent and mode of occurrence.— A narrow belt of Gondwana rocks has 
been noted in the lower slopes of the eastern Himalaya at various points between 
the Arun river in Nepal and the Dihong (Dihang) Brahmaputra in the Abor country 
bordering the plains of upper Assam; probably the belt extends further to the 
west and east of its observed occurrences. The greater part of this belt belongs, 
to the Lower Gondwana, but in the Abor hills the Upper division is represented 
by a thick series of volcanic beds which have been correlated provisionally with 
the Rajmahal traps ; at its eastern end also, rocks of Gondwana facies are accom-- 
panied by fossiliferous limestones with an ‘‘anthracolithic” {i.e, probably Lower 
Permian) fauna. In some places at least, the succession is inverted and its lower 
limit in Bhutan and the Abor hills is described as a thrust-plane, up which the 
Gondwana s have been thrust over the Siwalik Tertiaries. 

Nepal .—Coal-bearing Gondwana rocks have been found by Dr. Sutton Bowman; 
in eastern Nepal, at the confluence of the Sun Kosi and Arun rivers^. 

Darjeeling. —The most extensively studied portion of this eastern Himalayan 
belt is that of the foot-hills of the Darjeeling district, where the succession is oVer- 
thrust by older rocks and consists of an outcrop from 600 feet to a mile in width.® 
This usually narrow band stretches from Pankabari eastwards across the Tista 
and, after a gap of six or seven miles caused partly by the beds being cut out by a 
fault but chiefly in all probability by concealment beneath alluvial deposits, has 
been traced as far as the Jaldoka Juldhoka”) river or Do Chu. From Pankabari 
to near Dalingkot, the Gondwanas occur between the ancient Da ling slates above 
and the Siwalik Tertiaries below ; farther east, in the Mo Chu area, a thin band 
of the so-called Baxa series makes its appearance between the slates to the north 
and the coal-bearing Gondwanas to the south. There are many minor contortions 
in the beds, but the general dip is towards the heart of the range and is mostly 
steep. 

The bulk of the Gondwana beds belong undoubtedly to the Damuda series ; 
they were thought by Mallet to show somewhat greater resemblances to the Bani- 
ganj stage than to the Barakar, but the discovery by Sir Fox of a boulder bed 
above Tindharia Railway Station demonstrates the presence of the Talchir and 
makes it a little more probable that the rest of the sequence belongs to the Bara- 
kar.» There is considerable variation in the degree of metamorphism and some 
of the rocks are said to be as unaltered as their homologues in the Damuda valley ; 
in most cases, however, they have suffered the same crushing and disturbance 
which have affected the other rocks of the area, the result being the conversion 
of the sandstones into quartzites, the shales into splintery slates and the carbona¬ 
ceous shales into carbonaceous or graphitic schists. Such metamorphosed varieties 
are apt to be confused with the older Daling beds, among which graphitic schists 
are known to occur. Most of the Damuda shale is carbonaceous ; the dark grey 
vairety is generally micaceous and has yielded some well-preserved plant remains, 
among which have been identified OlossopetrisindicayO. sp.y abundance of Verte- 
braria, Phyllotheoa and, according to Hooker, Schizoneura, 


^Ree. LXIX, 154 (1935). 

*P. R. Mallet. Mem., XI— 14 (1874). 
^Mem,y LIX, 9 (1934>. 
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The beds include several seams of coal, which is invariably greatly crushed 
and has assumed a flakiness detracting much from its economic value. In some 
-cases thrusting seems to have located itself along the soft, yielding horizon of a 
coal seam. At least ten seams, each over five feet in thickness, are recorded by 
P. N. Bose,' but the best of these is but eleven feet thick. The occurrence of coal 
in the Darjeeling district makes it possible that coalfields exist beneath the 
Alluvium between that district and the Bajmahal area. 

A few intrusive dykes of mica periodotite complete the resemblance to the 
Damuda valley exposures ; the most coarsely grained variety of this rock comes 
from the Darjeeling area. 

Bhutan.—Passing eastward we come to Bhutan. |n the eastern parts of this 
state coal is reported from the Manas river. Further east, near Diwangiri, although 
qO actual coal has been observed, there are thin beds of carbonaceous shales 
belonging no doubt to an exposure of Damuda rocks. 

Still further east, Damuda rocks with coal seems were recognised by Pilgrim 
in the Bor Nadi and continue eastwards across the Kala Pani which is close to the 
eastern boundry of Bhutan. In the Kala Pani area, the total thickness exposed 
is about 500 feet. The lowest beds consist of fine, soft sandstones with interbedded 
coal seams which, at one time continuous, have been squeezed out along thurst- 
planes into small isolated lenticles. Some half-a-dozen seams or more are represent¬ 
ed in this way but the thickest observed was only three feet and thinned out to 
zero within a distance of twenty feet. As in the Darjeeling area, the coal is crushed 
and flaky, the result being alow volatile percentage. The upper 300 feet are 
composed for the most part of hard, quartzitic sandstones with frequent thin 
partings of carbonaceous matter, beds of shale which are often carbonacoeus, and 
another thin coal seam-*. 

Aka Hills. —In the Aka hills, the Damudag are again seen north of Tezpur, 
in the upper waters of the Bhareli (Boroli; Borholi) river which for some distance 
runs along the strike of these beds. The Baxas appear to be absent and the beds, 
comprising narrow bands of hard, grey quarzitic sandstones intorstratified with 
•carbonaceous shales and seams of coal, all such crushed and contorted, lie steeply 
dipping between the Dalings above and the Tertiarise below. The thickest seams 
of coal is only feet thick.* 

Dafla Hills. — In the Dafla hills, the Damuda coal measures consisting oI 
almost vortical shales, often carbonaceous, interstratified with dark, close-grained 
sandstones, have been noted by Godwin Austin in the Dikrang river below Shikhi; 
the carbonaceous varieties of the shale occasionally pass into 5 to 6 feet seams of 
coal which is much crushed and splintered*; a green trap, amongst these beds 
probably represents an intrusion, which may be of the same age as the trap found 
jn Abor hills. 

No fossils have been discovered in situ in the Mount Everest Limestone, but 
what are believed to be ermtic blocks of that formation have yielded a large un¬ 
identifiable involute nautiloid a quinquepartite crinoid stem, and an organism 
strongly reminiscent of certain sycone i^ones which made their appearance in 
the Carboniferous and became common in the Permian and Trias. The position 

237(1890). 

*C. Diener. Ru. XXXIV. 81 (1006). 

* T. H. O. L. Toook. Rte. XVni, 188 (1885). 

• r. at. B. XLIV, Pt. 8,87 (1876). 
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of the Mount Everest Limestone immediately below the Lachi series, whose upper 
stages are Upper Permian and whose lowest stage may be as old as Middle Carboni¬ 
ferous, suggests a Middle or Lower Carboniferous age. This conclusion is more or 
less in agreement with the suggestion of Mr. Wager that the Mount Everest 
Lime-stone should be correlated with the Baxa series of Bhutan which may be of 
Carboniferous age.i 

A limestone, occurring below representatives of the Lachi series on the Lhonak 
range south of Kampa Dzong has been linked up with the limestone mapped by 
Dr. Heron north of Rongbuk. 

The series of shales, quartzites and sandstones on the Lachi ridge northeast 
of Kinchinjunga in Sikkim has been designated as Lachi series by Wager and 
has yielded fossils from two horizons separated from each other by 600 feet of 
pebble beds for which a Talchir age has been suggested. The sequence is as 
follows:— 

Quartzites ........... 400 feet 


Fossiliferous sandstone .......... 300 ,, 

Pebble Jicds. 600 „ 

Limestone and shales with comminuted corals, orinoid ossicles and other 

fossils 60 „ 

Quartzite and shales. 600 „ 

(Mount Everest Limestone series-base not seen) . . , , • . • 

The lower fossil horizon has yielded: StraparolUis hchiensis Muir-Wood 
and Oakley, Ellipselliposopa 8p,,Prodticls sp., an athyrjd, and Spiriferellina sp., 
all of uncertain age hut evidently belonging to the Carboniferous or Permian. 
If the Pebble Beds are rightly correlated with the Talchir and Blaini, the lower 
fossil bed must be either Upper or Middle Carboniferous in age, though there 
appears to be no hiatus between the Pebble Beds and the overlying fossiliferous 
sandstones from which has been collected a shallow-water fauna of Upper 
Permian (Kazanian) age; it seems more likely that the Pebble Beds are 
Permian. The fauna from the fossiliferous sandstone, according to the deter¬ 
minations of Dr. Helen Muir-Wood and Dr. K. P. Oakley with slight modifica¬ 
tions comprises the following 


Ooniocladia sp., 

Rhombopora cf. circumcincta Eeed (species found in the southern 8han States), 

Oeinitzella [Batoatomella] sp., 

Feneatella (Fenestrellina) afF. fosaula (Lonsd.) (species found in the Upper Marine series of 
Tasmania), 

Poteriocrinus* sp., 

An orthothetid, 

Productua (Dictyocloatua) cf. subeoatatua Waag. (species found in the Salt Range), 

„ (Linoproductita) cf. cora d'Orb. (a variety of the species is found in the Salt Range), 
„ (Ruthenia) purdoni Dav. (a variety of the species found in the Salt Range), 

„ (Puatula) sp., 

Marginifera of. gratioaa (Waag.) (species found in the Salt Range), 

„ himdUiyanaia Dien. (the commonest species of the Productus Shales; found 
in Kumaon, Spiti, Kashmir and the Karakoram), 
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Ohonetes wageri Muir-Wood A Oakley» 

Camarotoechia sp,, 

Vncinuneilinajadiensts (Waag.) (found also in the Salt Range, Tibet and Armenia; genufr 
well represented in the early Middle Premian of India and south China). 

Spirifer (Neoapiriftr) musakheylensia Dav. (probably a variety), 

9 f {Spiriferella) rajah (Salt.) (said to occur in Chitral, Kashmir, Spiti, Kumaon^ 
Mongolia and Timor), 

Syringothyria lydekkeri (Dien.) (found in Kashmir, the Karakoram, China and Indo-China),. 

Lada (J^uculana) sp., 

Parallelodon [Macrodon] aif, tenuiatriattim (Meek & Worthen), (species found in the United-. 
States and Manchuria), 

Pleurophorua ap,, 

AvieulQpecten hiemalia Salter (A Products Shales species; found also in the Karakoram andl 
South Timan), 

„ cf. Uniuaculua (Dana) (Species found in the Upper Marine series of New South 
Wales), 

PUurotomaria (? Cyclitea) aff. orientalis Roem. (non Kratow) (species found in the Permian 
of Sumatra), 

By far the most abundant fossil is Spiriferella rajah ; the presence of this species 
and of Marginifera himalayensis and neospirifer musahheylensis indicates an 
Upper Permian age, and the horizon can be assigned with confidence to some 
part of the Products Shales. The pebbles of the Pebble Beds consist mainly of 
dark quartzite and pink limestone and are sparsely scattered throughout the 
whole stage, the largest having a diameter of about four inches ; the rest of the 
rook is described as a girt composed of ungraded angular quartz and felspar grains 
set in a very fine paste of quartz and mica. The pebbles exhibit no glacial striae 
but are reminiscent in many ways of the Talchir Boulder Bed. Such a correla¬ 
tion would necessitate the inference of a highly condensed succession if the latter 
is unfaulted and uninterrupted by any appreciable unconformity. 

The limestone found by Hooker on the east side of the Tso Lhamo in north 
Sikkim belongs probably to the upper part of the Luchi series.^ From it have been 
collected : Monrgeneoiana sp.,hydrozoabryozoa, and the doubtful alga,iSoZenopora' 
{parachaetete8)hooheri Muir-Wood & Oakley. 

Fossils typical of the Productus Shales have been collected from the vicinitjr 
of the Kongra La, a pass crossing the Lhonak range, and indicate the presence of 
the Lachi series. 

Lakhimpur district.—^Near the mouth of the Subansiri gorge, in the north of 
the Lakhimpur district of Assam, some boulders have yielded the following marine 
fauna belonging to some part of the Productus Limestone (Permian). The rock 
matrix is of two kinds, an arenaceous with badly preserved sj)ecimens of; productus 
cf. puBtuhsus Phill., Spirifer sp. ind., Spiriferina sp. md., Sq^iamularia cf. 
inaBequilateralis (?) Qemm., Dielasma aff. uralicum Erot. and D. aff. biplex Waag., 
and one composed of hard blue Ihnestone, rich in casts of Ohonetes cf. carbonifera 
E6]r8. and including other casts of Myalina sp., Monopteria subansirica Dien., 
Loxonema sp. pleurotomaria aff. punjabica Waag., BeUerophon sp., and Fmeatella 
sp.*. Thisfossilhorizonappearstobecloseto the younger of the wo fossQ horizons 
of the Lachi aeries in Sikkim. 


i Pal Ind. New Ser. Vol. XXXI, Mam. 1,71 (1941). 
« 0. Diener. Bee. XXXII, 189-108 (1905). 
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Chap. XX.] 

In the Miri Hills, pieces of coal picked up in the Sundri and Subansiri rivers 
and reported to come from some distance up in the hills may be of Qondwana 
origin!^ 

Abor Hyis. —An outcrop of rocks bearing a close resemblance to the Damudas 
of the Darjeeling area, about three miles wide, occurs in the Abor hills above Janak- 
mukh, where it is traversed by the Dihong river ; the belt has been again observed 
a dozen miles or so to the southwest, in the upper part of the Sireng tributary. 
The beds, which are unfossiliferous, occur above the &walik belt, over which they 
are believed to have been overthrast^, the commonest types are Hght coloured 
indurated sandstones and quartzites, reddish ferruginous shales, carbonaceous 
shale often with clay iron-stone, septarian nodules, schistose shales and seams of 
very finable coal crushed out into lenticles. 

An interesting discovery made by Dr. Goggin Brown in the Sireng area was 
the occurrence of boulders of dark blue-grey, slightly arenaceous limestone con¬ 
taining marine fossils indeterminate except for the identification of crinoid ossicles. 
This is in all probability the same limestone as that composing the boulders found 
at the mouth of the Subansiri gorge, which yielded the small Produ^ctus faunas; 
according to Goggin Brown, it undoubtedly corresponds to the base of the Gondwa- 
nas and therefore marks the position of a point on or near the north-eastern coast 
of the Gondwana continent. 

Another point of interest concerning the Abor Gondwana outcrop is the fact 
that the Gondwana sequence is succeeded by an extensive series of volcanic rocks^ 
exposed over a width of some twenty-five miles from beyond Benging to near Geku, 
interrupted in the middle by a six or seven mile band of metamorphic rocks with 
dolomite. The Abor Volcanics, as they have been called, consist of decomposed 
tra^, apparently interbedded with carbonaceous shales and quartzites, precisely 
similar to the coal-bearing Gondwana rocks further south, which would seem to 
belong to the Damuda. On the other hand, the traps, which nearly all consist of 
greyish, greenish or reddish palagonite-bearing basalt, are described as showing 
great resemblances to the palagonite-bearing traps of the Bajmahal hills. Some 
of the shales exhibit signs of thermal metamorphism but, whether along one face 
only, has not been determined. Many of the traps are very amygdaloidal and are 
accompanied in places by shale-like tuffs and agglomerates containing amygdaloidal 
pebbles; there is reason to conclude, therefore, that these volcanic beds are in the 
main eflusions contemporaneous with the sedimentaries among which they occur, 
and the possibility arises that the series as a whole corresponds to the Kajmahal 
of Bengal. What its relationship is to the coal-bearing formation immediately 
to the south remains for further investigation to decide, but it seems highly probable, 
from analogy with the Darjeeling occurrence, that the lower belt of sedimen¬ 
taries consists of Damuda rocks. If we accept the presumption that the higher- 
lying carbonaceous shales and quartzites are truly interbedded with beds of trap 
having every appearance of being contemporaneous flows of Bajmahal aspect, 
these sediments and their associated traps may represent the Bajmahal series 
(early Jurassic); in this case, the Abor Yoloanics and their associated sediments 
would lie, presumably with an unconformity, masked by the nature of the terrain 
strati^aphically above the Damuda. If, on the other hand, the upper belt of 
trap-ridden Gondwanas are equated with the lower belt of probable Damudas, 


iJ. M. Maclaren. Bee, XXXI, 190 (1904). 
Vf. Goggin Brown. Bee. XLIl, 238 (1912). 
0 GSI/64 
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which they so much resemble, and the traps are assumed to be all intrusive, the 
age of the intrusions may be either Fanjal, Bajmahal or Dras (Deccan Trap). 
The weathering of the trap produces a reddish tenacious clay, but some of the 
flows are very massive (60 feet) and little weathered, sometimes, showing a rough 
prismatic jointing. Amongst the minerals filling the amygdules are chalcedony, 
opal, clear quartz, palagonite and epidote. 

Mishmi Country.—East of the Abor country, fragments of coal have been 
picked up in the Dibong (Dibang), i,e., to the east of the Dihong, and stories of 
smoke and flames seen among the hills may have their origin in burning coal out¬ 
crops. No Gondwanas, however, were found by Mr. A.M.N. Ghosh among these 
hills.^ 

MOUNT EVEREST AREA. 

To the north of Mount Everest, a thick series of limestones has been mapped 
by Heron, forming a continuous E-W band between the crystalline complex of 
which the mass of the mountain is composed and the Jurassic shales further north 
and lower down the slope. The formation consist of from 2,000 to 3,000 feet of a 
very uniform assemblage of thin beds of limestone, usually from one to three feet 
thick, with shaly partings. The beds have been extensively invaded by granite 
veins and involved in the crystalline complex in such a way as to make it impossi¬ 
ble to demarcate a true boundary. Two outcrops of these rocks have been mapped, 
but the exposure was probably continuous along the southern margin of the 
Jurassic shales before the uneven encroachment of the granite magma. As a 
whole, the limestones have become to a large extent crystalline or have been con¬ 
verted to calc-schists. Streaks of crystalline calcite may represent original fossils, 
but scarcely anything recognisable remains. The lowest horizons of the series 
have been more or less obliterated by the granite, but the upper portions dip gently 
northwards under the Jurassic shales up into which they appear to pass without 
any visible unconformity. 

As to the age of these beds, their situation with regard to the crystalline zone 
is very similar to that of the Dothak series of limestones and other sedimentaries 
which were mapped by Sir Henry Hayden between the Chumbi valley and Bhutan 
and were considered by him to include part or all of the Trias and perhaps one or 
more of the Palaeozoic systems. There is, however, some evidence, thought not 
very definite, in favour of an older ago. Two sections in the ridges east and west 
of Hlelung twenty miles north of the Everest peak, showed at the base of the over- 
lying Jurassic shales, just as they give place to the limestones, a thin ferruginous 
bed crowded with specimens of Spirifer and Productm; from these Productus 
(Pusiula) sp., P. (Bmtonia) sp., Spirife {Spiriferelh) rajah have been identi¬ 
fied. Assigning an Upper Permian ago to the top of the limestone series, the bulk 
of it would fall within the Femvian of Euiope, with perhaps a portion of the 
Carboniferous.* 

Mount Everest itself, as we have seen, is made up for the most part of an ancient 
series of schists and hybrid gneiss, the "*Mount Everest Politic series’’ of Mr. L. B. 
Wager, and probably the equivalent of the Dalipgs of Sikkim. Overlying this 
and forming the upper part of the mountain comes the Mount Everest Limestone 

LXIX, 85 (1935). 

*A. M. Heron. Rec. LIV, 232 (1922). 
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of the same observer.^ The basal slabby portion of this consists mainly of yellow 
schistose limestones approaching marble in the degree of their metamorphism. 
While these “Yellow Slabs”, as they have been called, commence somewhat 
abruptly and dip northwards at about 30°, the surface of the mountain forms a 
moderately steep slope of approximately 50° ; the result is that these slabs, ocorr- 
ing between about 27,500 and 28,000 feet, have the over-lapping arrangement of 
the tiles of a roof, a phenomenon which adds to the difficulties of climbing.^ 
Above the Yellow Slabs is a band of dark grey, somewhat shattered and altered 
limestone which, being more resistant than the schistose limestone of the slabs, 
forms a bold feature with a steeper and in some places overhanging slope. There 
is little doubt that the topmost 1,000 feet which form the final pyramid of the 
mountain, are composed of this limestone.^ In all probability it forms the summits 
of surrounding heights such as ‘North Peak,” “Khartaphu,” “Peak 23,180”, 
“Gyachung Kang,” and “Jongsong.*” This is the same limestone series as that 
mapped by Dr. Heron to the north of Eongbuk and some sixteen miles north of 
the Everest summit. 


CHITRAL, GBLGIT AND THE PAMIRS. 

In the Chitral valley opposite Reshun, as well as above the village of Shugrame 
the Upper Devonian rocks are overlain by a thick series of paper shales, needle 
shales and quartzite ; amongst the shales is a thin bed of crinoidal limestone. 
Further back in the hills, the Upper Devonian and overlying series are repeated by 
a fault, the quartzite forming the ridge above Lun village. 

Further to the northeast, behind Lasht, in the Yarkhun valley, the beds over 
the Devonian constitute a very thick series of black slate and white quartzite 
forming the high ridge behind i,e.y to the north of the village. This series extend 
up to the snow-line, where it is in contact with intrusive granite, and continue 
along the Yarkhun valley all the way to Petus.® 

North of the last-mentioned locality, the shale and quartzite series is seen 
continuously for a considerable distance along the ridge separating the Dasht-i- 
Boroghil from the Yarkhun valley. Here the shale and quartzite pass up through 
thinly-bedded limestone full of crinoid stems into further shale and shaly limestone. 
From this locality a rich fauna has been collected from six or seven horizons by 
Hayden and described by Cowper Reed.® The principal features of the assem¬ 
blage are the abundance of FusuUna, the absence of cephalopods, the rarity of 
lamellibranchs and gastropods with the exception of members of the Bellerophon- 
tacea, and the preponderance of brachiopods. The orals, which are almost 
entirely restricted to the third horizon from below, are of special interest owing to 
the presence of Lonsdaleia salinaria, and in the highest horizon of L, indica, both 
of them alt Range species ; in addition, the following forms from the Productus' 
Limestone of the Salt Range have been recognised: Productua (Lino'productus) 
lineatiis, P. {Striateifera) compressriSy Spirifer (Neospirifer) musakheylensis %ySquam- 
vlaria (Neophricodoihyns) asiatica, Spiriferina (Spriferrellina) cristata, Athyris 

iThis should not be confused with what Mr. Wager calls the “ Lower Mount Everest 
Limestone ** which occurs below the Mount Everest Pelitic series. 

*H. Ruttledge. “ Everest 1933 322. 

®Odel calls it a dark calcareous schist, very fine-grained and compact, with quartz and 
biotite, Ibid. 322. 

^Ibid. Dyrenfurth “ Under Expedition,” 301 (1931). 

»H. H. Hayden. JBcc. XLV, 290 (1916). 

•Pal. Ind. New Ser. Vol. VI, Mem. 4, p. 116 et. seq. (1926). 
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nAexpansa and possibly otliors. With tbs ZewM beds of KatfhmiT the fomatioii 
liEs A fsw forma in common bat here again they oonsiat of brachiopods of long 
range. In spite of some difEeienoes from the fauna of the Productus Limeis^ne 
and its equivalents in Kashmir or the more central parts of the Himalaya, the 
Ohitral fauna is in all probability Ziower Permian, at the same time it has a resem¬ 
blance both in facies and composition, to the l^sulina Hmestones of the Urals, 
the Ttman Mountains and central Asia (southern Tian Shan), especially to the 
topmost or Schufogerina stage with which it has several species in common. The 
complete list of species from the whole succession of beds at this locality is as 
foUowB:— 


Foseaniiufera.— 

8. FutMna {Sehdtwienia) MdU.» yar., 

S. „ „ luiuffine Sohellw.? 

8. Schwagerina prinupa (Mhrenb.) (a widely distributed form), 

•> fuaiformis Krot., 

Endothyra sp., 

Vahmlina sp., 

Aetinoaoa^ 

8. OfvmaMraea pihilUpai MoCoy, 

Michdinia manauyi Beed, 

LonadaUia ( WaoLganoj^ylluni) Indiea Waag. Wentz., 

Lonadaleia ( Wentzeldla) aaUmria Waag. A Wentz., 

Crinoidea— 

Graphiocrinua yarkundenais Reed. 

Bryozoa— 

Feneatdla af. eichwaldi Stuck., 

„ aif. lahuaeni Stuck., 

8. Polypora aff. holv€Le Stuck., ; 

Braobiopoda— 

Derbya baroghilenais Reed. 

S. Productua {Linoproductua) aagardi Toula., 

S. „ „ eancriniformia ? Tschern., 

S. „ „ lineatua Waag., 

ft „ tenuiatriaiua de Vern., 

8. „ (8tnan/era)<k>mpr6ssusWaag.{»P.afiofnel«sTBohem.) 

8. „ {Dictyocloatua)tranaveraaliaT8ohQTn., 

8. „ (Proboaciddla) aff. kuUtrgaa Tschern., 

„ inasaueiita Reed., 

8. „ (Taekemyachidla) porractuaKnt,, 

„ vindicatua Reed, 

„ {DietyodoaPnal) volgenaia Stuck, var., 

8. „ of. paeudoaevleatua Krot., 

8. „ aff. tartaricua Tschern. (probably identical with P. avbanenUdia Beed), 

8. Marginifera of. Ubedevi Tschern., 

8. Ohonetea variolata d’Orh., var. baroghihnaia Reed, 

„ blanfordi Reed, 

I „ coaiaia Stuck., var. (possibly identical with 0. (Plieochenetea) pctaehelmanni 
de Terra var. buritnaia Reed, from the Upper Productua Limestone), 
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BrAohiopoda-^eonlel. 

S. ChcmUa pHfudovanoUtk^ 
tt Hnuoia Sohellw., 

S. Spirifer (Nto9pinfer)faacigerKeyB,,Y9kt.pawsieoMaUiB^9od^ 
f> (Spiriferdla) musakheylenais 

t> , I, rajah Salt., 

S. Marfiaia sokoUm Tsohern., 

S. Spirifirina {Spii^erdlina) criatata Schloth,, 
holdiehi "Reed., 

Mariiniopsia ajBf. Ivlugini Ttehein., 

S. Cofaarophoria (de Vern.), 

„ , of. pmUmtwidtm Tsohern., 

S. AMAoeo6^^|’2anoeondt;eax»(Shtim)., 

S. Aihyria (GUiothyridina) gerardi Dien.? 

„ ,, ailakenaia Reed? 

„ „ eapillata Waag.? 

,, ,, royaai L'Et<? 

,, „ atAeapanaa Waag., 

Lamellibranohiata— 

S. Girtypsttenchitralenaia (Reed), (found in the Lower Produotus Limettone), 
Palaeolitna aubfiiaeata Reed, 

,, • retijtriformia Netsoh., 


Gastropoda— 

Pleurotomaria {Worthenia) hajfdeni Reed, 

„ „ chitralenaia Reed, 

Strophoatyiua cf. remea (White), 

JSuaimphalua (Phymatifer) pemodoaua (Meek A Worth). 
Bellerophan craaaoidea Reed, 

„ {Waagenella) burrardi Reed, 

,, „ fncmahoni Reed, 

„ „ akf£. portlotki de Kon., 

Bucania sp., 

Warthia aff. breviai^uata Waag., 

„ aff. polita Waag. 


Plantae— 

(Hrvandla Bp, 

S.'=sIdentical with or allied to forms found in the Russian Sckuagerina stage. 

The genera Lyitomia and Eichthofenia, which are peculiarly characteristic of 
the Asiatic ‘Termo-Garboniferous”, (Lower Permian) are unrepresented in the 
above fauna. 

From a loose moraine at the same locality of Baroghil Ailak a somehat similar 
assemblage was collected which included the following, among which are several 
additional Bussian Sohwagerina Limestone forms: 

Poraminifera— 

S. Paavdina {SeheUvfienia) Arotoisi Sohellw., 

„ ,, of. longiaaima y, MOll., 

„ „ of. lutiigini Schellw.7 

S. „ „ mdlUri SohoUw., yar. ehitrahnaia Reed, 

„ „ vemeittlt y. MCll., var. 

yarkhunenaia Rood, 

„ „ of. kraffi Sohellw., 

Sehwagerina princapa (Ehrenb.), 
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Braohiopoda— 

Orthis (Schizophoria) of.juresanensts Taohern., 

S. OrtMichia morganianalkib,, 

Orihothetina aff. baahkirica Tschern., 

Productus (DietyocloaiuB) gruenewaldti Krot., var., 

,, tf walicua Tsohem. 

»f of* pyramiddlia Netaoh.* . 

S. Ohonetea mdlleri Taohem., yar., 

„ Za«etfinuataSohellw.,v ar., reiforata^no Reed, 

S. Squamulafia {Neophricodothyria) aaiatica Chao (^^Peticularia lineafa”), 

S. Spiriferina (Manauyella) aff. holzapfeli Tachern., 

„ muLtiplieata Sow., var. (cf. S. (Paraapiriferina) ghundienaia Reed, from 
the Middle Prodiictua Limestone), 

DiaUuma aeutangulum Waag., 

S. „ aff. jttreaanenaa Tachern., 

S. „ of.aupraearbonicumTacheTn.7 

S. Notoihyria nueholua (Kut.), var baroghUenaia Reed, 

Athyria {Cleiothyridina) aubexpaiiadWaAg,, 

S.Bsldentioal with or allied to forma found in the Russian Schtcagerina stage. 

Lamellibranohiata— 

Entolium of. aviculatutn Swallow, 

Gastropoda— 

Straparollua of .laevigatua L’Ev., 

Bdlarophon of. hitUcua Mart., 

Staehdla cf. aamiaurita Waag., 

Euphemtu earbonaHua (Cox), 

Warthia aff. braviainuata Waag., 

Pkarkidonotua aff. percarinatua Conr., 

Soaphopoda— 

Plagioglypta of. priaca Munst. 

Four miles north of Baroghil Ailak was found an internal cast of Euphemnsi^) 
[Oastrioceras ?] baroghilensis Beed. Fusulina limestones and shales have been 
identified by Tipper in the neighbhourhood of Tirioh Mir in Chitral; some shales 
further to the southwest have yielded Fenestella and Syringothyris^ FmuUna 
also occurs further along the strike in the Long Ku valley. Elsewhere, the Fusulina 
beds, lying almost flat, appear to have been let down by block faults between the 
Devonian and the Sarikol shales (? Trias). 

In the Yasin valley of Gilgit, a grey, splintery, massive, unfossiliferous limestone 
is overlain by a shaly limestone with large numbers of ryozoa, Fusulina and crushed 
bands, of Productus, the beds striking £-W. The scanty fauna is different from 
the fauna of the other localities, but its distinct facies may be due as much to 
environmental conditions as to difference in age, and there is good evidence in 
favour of an age very close to that of Baroghil fauna. The following species have 
been recognised in the Yasin beds :— 

Neoschwagerina of. craiiculi/era Sohwager, (specicB typically Uralian), 

Zaphrentia 7 sp., 

Crinoid stems. 


iRec.LIV, 66 (1922). 
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FishMpora tfotinensk Beed (oloaely allied to forma in Bnaaian Upper Carboniferoua and 
Lower Permian), 

Taeniodictya darbandensis Beed, 

Aseopora of. vodoia Fish (a oharaoteristio Russian species), 

„ of. trantscholdi Stuck (a oharaoteristio Russian species), 

Polypora darkottnsia Reed, 

Feneatella sp., 

Entdetea of. hmiplicatua Hall, 

BeUerophon nodulatutn Reed. 

Amongst the calcareous and slaty rocks around Khaibar, a village in the Hunza 
valley, is a limestone with doubtful Fusulim, giving rise to cliffs several thousand 
feet above the river; in places the section with its intrusions of trap recalls that 
of the Baroghil Pass. 

Near Ak Baital in the Pamirs, Upper Devonian rocks appear to pass up into a 
mass of broken limestone, shale, sandstone and finally a conglomerate, all of which 
weather in brilliant colours including red, yellow, grey and black; this series is 
described as being associated with diabase and much g]q>sum. Hayden’s Pamir 
Limestone may include horizons from basal Permian to Jurassic.^ 

The Fusulina Limestone is again met with near the Koksu ford at Irekeshtam 
in Hussian Turkistan. 


CENTRAL TIBET. 

Limestone with Upper Carboniferous fossils was met with by Sir Henry Haynde 
in central Tibet at various points between the neighbourhood of Wom-po and that 
of Phong-do-Dzong, indicating an outcrop, continuous or otherwise for over two, 
hundred-and-eighty miles, with an orientation which must be E.-W., W.N.W.- 
E.S.E. or somewhere between. This limestone is seen as a darkgrey, much altered- 
fossiliferous rock full of calcite veins, on the north side of the valley between A- 
chen-tsong and Shen-tsa-dzong, the latter town being situated about a hundred 
and seventy-five miles W.N.W. of Lhasa. In places, the limestone appears to 
be underlain by a volcanic series resembling the Panjal Volcanics and inching 
both ashes and lavas; a specimen of one of the latter proved to be a serpentinised 
amygdaloidal basalt. These volcanic beds are seen to the south of the above- 
mentioned valley, where their upper members are associated with pebble beds, 
sandstones., etc.^ To the northwest of Shen-tsa-dzong, the limestone is described 
as overlying quartzites and shales, and to the latter assemblage probably belongs 
the red quartzite seen to the northeast of the same town. Fossils were collected 
by Hayden from ten localities, several of them from the limestone ridge east of 
Shen-tsa-dzong, but the majority were obtained from a short distance east of 
Wom-po. Hayden considers that the limestone may range up into the Trias, 
but the fossils are all Upper Carboniferous forms (Uralian); in most cases, the 
specimens collected were very small in tiumber, fragmentary and often ill-preserved. 
The following forms most of which belong to well-estabUshed species have been 
identified by Dr. Cowper Reed.* 


XLV, 316 (1916). 

•A. L. Coulson. jBac. LXVII, 333 (1933). 
•Pal. Ind, New Ser. Vol. XVI, 1-3 (1930). 
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Sehwagerina princepa Ehrenb 

V. fuaiformia Krot (form found in Russia, Chitral^ Yumtan and tha Carnto Alps). 
Fwaulina (Schdlmtnia) sp., 

Fuaulina of. biconka (Hayas)? 

Aotinozoa^ 

Lonadaleia IWantzeUUa) aalinaria Waag. A Wonts, (a form found in the Salt Range, 
(3hitral, Indo-China and Tenassesim), 
cf. virgalenaia Waag. A Wents., 

•» aff. enormia Ozawa., 

tf ( Wauigenoph^lum) of. indiea var. ttkagoanaia Osawa., 

>, tibebiea Reed, 

Syringopora haydeni Reed, 

„ co^eTiotdes Reed, 

„ gemina Reed, 

OampophyUum haydeni Reed, 

Ohonaxia of. pongouanenaie Mansuy (speoies found in Indo-China), 

Zaphreniia (?) sp., 

Amplexua cf. ahichi Waagd. A Wentz, (species found in the Salt Range), 

Bryozoa— 

Polypora of. aubguadrata Toula (species found in the Barents Islands and Russia), 
„ of. bifurcaia Keys (speoies found in Russia), 

,, of. poroaa Eichw. (species found in Russia), 

Ramipora uralika Stuck, (species found in Russia). 

Cfeinitzilla cf. eolumnaria Schloth. (speoies found in the European Permian), 

„ cf. arbuaeula Eichw. (species found in Russia), 

FeneaUlla of. elegantissima Eichw. 

Branohiopoda— 

Proauctua {Dictyotdoatua) cf. grunawMti Krotow (found in China and the Shan States) 
„ (Eordonia) of. timanicua Stuck, (found in the Urals, Spitsbergen, Bear Island 
and Indo-China), 

„ {Buxtonia) aff. jnreaanenaia Tschem. (found in Russia, Indo-China and perhaps 
the Carnio Alps), 

Marginifera lebedevi Tsohern., yar. (species found in Russia), 

„ (?) eguivoeaUa Reed, 

Camarophoria kutorgae Tschern., yar. noy., 

cf. globulina Phill. (found in Russia, the Salt Range and at Chitiohun), 
Sfoamularia roatraJta Kut. (found in the Urals and China), 

„ of. aaiaiHea Chao (*’ Retieularia lineata *’). 

Syringoihyria of. taaiubenaia Tsohern. (found in Schwagerina Limestone of the Urals and 
in Indo- China), 

Spirifer of. Hbetanua Dien., 

' „ {Neoapirifer) faaeiger Keys, yar. paneieoaiulata Reed (a Chitral yariety), 
Bpirifefina{SpiriferaUifha) of. ereataaia Sdiloth, ykt,, fetatigata Schellw. (found in the Camie 
Alps, Himalaya and Donetz basin). 

MarUniopaia oHentodia Tsohern. (found in the Urals), 

Martinia efiriquetra Qemm. (found in the Urals and Indo-China), 

SamipiyMna of. himalayenaia (Bay.), (found in the Salt Range, Chii^ohun and Kariimir), 
BMaama pika Kut. (found in the Urids, Indo-China, Shan States, and oentral Asia), 
Athyria sp. 

Orihothetea (Sehdlwiendla ?) sp., 

LmelUbranohiata— 

Paeuiamuaium ttMicttfii Reed, 

Palaedima aff. dieneri Prech., 

Sdmondia eoaaoni Reed, 

Gastropoda— 

Ruomphalua cf. puaiUiformia Wanner (speoies found in Timor). 

PkuroUmaria ? sp., 

Bdkiopkonap,r 


1 H. H. Hayden. Mm, XXXVI, pt. 2,27-22 (1907). 

• H. H. Hayden. Afem. XXXIX, 62 (1911) 

• Pal. Ind, New Ser. Vol. XIX (1931). 
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Cephalopoda^ 

Kautilus Bp.., 

This fauna has no general afdnitj with the Pioduotus Limestone fauna of the 
fialt Bange or with the Productus Shales and Zewan faunas of the Himalaya, 
and possesses no definitely Permian element. On the other hand, the brachiopods 
are almost without exception, forms known in the Upper Carboniferous of the 
Ural Mountains or in parts of central Asia ; the prevalence of the widespread 
foraminifer Schwagerim princepa is also strongly suggestive of the Uralian. 

The Dothak series of the Tibetan provinces of Tsang and t) includes part at 
least of the Trias, but may extend down into Permian or even Carboniferous 
horizons.^ 

AFGHANISTAN. 

Fasalina Limestone series.*-~In the neighbourhood of Ak Robat in Bamian 
the Helmad series, already described, bridges the gap between the Devonian 
Hajigak and a crinoidal limestone containing Fusulina, A continuous belt of 
this limestone also extends from the middle of the Ghorband valley to Ak Bobat. 
It is for the most part a dark grey, more or less crystalline rock, with numerous 
veinlets of caloite. In the Ghorband valley it is unfossiliferous but between the 
Bhibar Pass and Balula, and again in the mountains on the north side of the 
Bamian Valley, parts of the limestone are full of Fustdina and Sohwagerina. 
With the limestone of this series are associated in places a thick bed of 
conglomerate and some thin bands of slate and quartzite*. 

The fossils, as determined by Dr. Cowper Beed, belong to one stratigraphical 
korizon and include the following*. 

Foraminifera— 

Fuaulina elongata Shum. (*) 

„ uralica Krot., 

„ cf. vemeuili v. MOIL, 

Schwagerina prin^ Ehrenb, (including Schw. verbaeki Gein.), 

„ {DolioUna) lepiia Sohwag. (Hayden's determination), 

Neoachioagerina cnUiculifera Schwag., 

GancdliTM primigena Hayden, 

SumatriTM annae Volz, 

Aotinozoa— 

Syringopora sp., 

Tachylasima haydeni Reed, 

Bryozoa— 

Polypora aff. biarmica Reys. ? 

JBrachiopoda— 

Products {Dictyocloatus ?) afghanenais Reed, 

„ {DictyodoatuaJ) volgetMia SiVLok. var. (probably identical with P. aeutauritua 
Mansuy from Indo-China), 

„ {Dictyocloatual) auborierUalia Reed, 

„ {DictyadoatuaJ) of. genumus Klvt., 

„ craticulatua Reed, 

„ (Tachemyachiella) porreetua Rut., 

„ {JEchinoconckua)faac%€Uua Rut., yar. eriatata Reed, 

„ (Linoproduciua) ainmenaia TeAem., 

„ (Awmia) bamianua R ted, 

*H.H. Hayden. Mem. XXXVI, pt , 21.22 (1907). 

‘Mem. XXXIX, 52 (1911). 

Val. Ind. New Ser., Vol. XIX (1931). 

*8ome, if not all of these farms figui^ by Hayden as Fulaulina elongata {Rec. XXXVIII, PI. 
20, ixa., 1-12 (1909) probably belong to the Permian species described by Rahler as PolydUsf 
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Prodwstus {Krotovia) iranalaius Reed, 

„ (Overtonia) cf. ftmbriatua Sow., 

Chonetes sp. 

Derbyia aff. grandia Waag. 7 

„ aff. craaaa (Meek and Hayden), 

MeekeUa aff. atruUocoatata (Cox), 

Uncinuloidea timorenaia Deyr.t 
Uncinunellina (7) wangenheimi Pander, 

PugjMx of. atvallom Shum. 

Bhynchopora geintziana {de Vein.), 

„ humiana Reed, 

Cckmaraphoria aella Rut., var. tranaveraalia Reed, 

Martinia cf. triqiteira Cemm., 

Martiniopaia aff. convexa Tsclxern., 

Squamidaria (Neophricodothyria) aaiatica Chao., var, (probably identical with 8. {N.} 

bardlenaia Reed, from the Lower Productus Limestone), 
,, {Neophricodothyria) of. pulcherrima Gemm. ? (probably equivalent to 8. {N.} 
nummulina Reed, from the Middle Productus Limestone),. 

. „ cf. roairaia, (Rut.), 

,, cf. dieneri (^hellow.), 

Spiriferina reducta Reed, 

Hemiptyehina achellwieni Gort., var. aubeircularia Reed, 

„ tridentata Gort., var. pluriplicata Reed, 

„ {Beeeheria) cf. auhlaevia Waag. 7 

Notothyriaturgida Reed. 

Lamellibranohiata— 

Pterinopeeten bamianua Reed, 

PUthomyiilua (7) plauaibilia Reed, 

Leiopteria aerotina Reed, 

„ (AnguateUa) cf. Praeanguata (Freeh). 

Myalina sp.. 

Gastropoda— 

OaptUua (PiUopaia) sp. 

Cephalopoda— 

ParaceUitea bamianua Reed, 

This fauna is distinct from that known in the Pamirs and Chitral; not only 
is the facies somewhat different but none of the species, with the exception of some 
of the Foraminifera, is common to these areas. It appears to have close relation 
with the Schwagerina Limestone of the Ural Mountains and there is some affinity 
with the Fusulina Limestone of the Eastern Alps, with the Gudalupian fauna of 
Texas, and with the Upper Carboniferous of Sumatra, Java, China and Japan.. 
Nevertheless, its character as a whole is Permian, and to the Lower division of that 
system it should probably be assigned. 

In Western Afghanistan, the Fusulina Limestone is exposed to the east of 
Herat, in the Doshakh range to the west of that town, and on the other side of the 
Hari Hud river. In this area, it was originally thought that the Talchir and other 
stages of the Gondwana were represented, but these identiheations are extremely 
doubtful.' 

Khingil Series.—On the north side of the high range separating Khurd Kabul 
from Butkhak, to the east of Kabul city, Hayden has mapped a limestone series 
under the name of Khingil which probably ranges from some horizon in the Pro- 
ductus Limestone to the Upper Trias. Fossils from the lower portion includes, 
many small Productus and probably Spirifer, but the matrix proved too hard for 
their extraction. This provisional ^'Khingil series”caps and probably forms tho 
greater part of the Khingil range on the east of the Kabul Plain, extending across 
the Lataband and the Kabul river and occupying most of the hills between the 
eastern edge of the Kabul plain and the Panjshir river. It covers an extensive 
area in eastern Afghanistan and probably continues through the Safed Koh to 
Chura and the Bazar Valley.* 

'H.H. Hayden. Mem. XXXIX, 33 (1911). 

•Mem. XXXIX, Ft. 1, p. 22 (1911). 




OaAP. XX.] EXTRA-PENINSULAB aONBWAKA 84T 

Doab Series. —To a series exposed near the Doab-i-Mekh-i-Zarin or junction 
of the Eahmard and Saighan rivers in eastern Afghanistan, and composed mainl 7 
of volcanic ejectamenta and lava flows interbedded with shales and sandstones. 
Sir Henry Hayden gave the name of Doab. This series covers a large area in both 
upper and lower Saighan and in the former is seen to lie unconformably upon the 
Fusulina Limestone; in most cases, it is covered with a well-marked discordance 
by the overlying plant-bearing Saighan series of Jurassic age. While the Saighan 
series appears to be entirely of fresh water origin, the Doab is partly marine and 
partly sub-aerial. Hayden thought that the unconformity between these two 
formations was of merely local importance, and that the Doab was more closely 
associated with the Saighan than with the underlying Fusulina Limestone 
and might be regarded as partly Triassic and partly Jurassic in age.^ 
Dr. West, however, has recently proved that the unconformity between 
the Doab series and the Saighan series is far from trivial and must represent 
a considerable interval of time; this conclusion provides an incentive to correlate 
the Doab series with the Fanjal Volcanics of Kashmir. 

The Doab beds comprise volcanic ashes, breccias and trap flows, some of which 
are amygdaloidal, interbedded with shale and sandstone, the shale occurring more 
usually in the upper horizons ; conglomerates are locally to be found, and in one 
locality a coarse volcanic agglomerate has been noted. The series is seamed with 
sills and dykes of igneous rock which, in the case of the dykes, cut right across tho 
strata ; where these dykes extend up to the junction with the overlying Saighan 
beds, they are invariably seen to stop abruptly at the junction and never to pene* 
trate the younger formation as Hayden supposed. 

There is good evidence to show that the Doab rocks underwent considerable 
tilting, folding and denudation prior to the deposition of the Saighan beds. West 
remarks that *‘a characteristic feature of the highest beds of the Doab series is the 
presence of white and red beds which appear to represent a zone of weathering on 
the old land surface of those times. These brightly-coloured beds are seen in 
many places at the top of the Doab series, and particular mention may be made 
of their occurrence in the cliffs on the west side of the Darra Ishpushta, just south 
of the Ishpushta camp, from where they are clearly seen. Their formation appeara 
to be quite independent of the nature of the topmost Doab rocks, affecting, for 
example, the intrusions of quartz porphyry as well as the sedimentary rocks; 
sometimes, for example, on the west side of the Qol Hotapurak, the zone of 
colouring, while being parallel to the plane of junction o the two series, cuts across 
the bedding of the rocks of the Doab series.’’* These lightly-coloured 
beds do not belong to the base of the Saighan series, where they were placed 
by Hayden, but to the top of the Doab series. 

PERSIA. 

Grave doubt attaches to the specimens of Olossopteris reported to have been 
collected in the province of Khorassan, across tne Persian frontier, especially, 
as these plant remains are said to have been associated with beds containing Jura¬ 
ssic marine fossils.* 

A productid fauna from the Kuh-i-Gakhun is thought by Dr. J. A. Douglas to 
be of Upper Carboniferous age. A thick predominantly limestone formation found 

ijfem. XXXIX, 29(1911). 

^Private Communication. . 

«C.L. Qriesbach. Bee. XXI, 50(886). 




448 MANUAL OF OSOLOOT OF DIDU AND BUBMA [TOL. 11, 

in Luristan, Bakktiariland, EiAgalii, and to a more limited extent in tke Kuh- 
VQakhun, corresponds in some prcmortion to the Prodnctos Limestone of the Salt 
lUnge ii India. The most complete sequence is found in Balchtiariland in the 
form of 2,000-3>000 feet of dark coloured limestones and dolomites with some 
•carbonaceous shales. In the lower half of the succession, which is dark in ccdour, 
productids, fusulinids and corals are abundant. The upper, lighter-coloured half 
tends to be dolomitic or oolitic, and has been largely leached. 

KHYBER AREA. 

A Carboniferous or Permian limestone, with indistinct fossils and many frag¬ 
ments of crinoids, is reported in the Siah Eoh, a well-defined part of the northern 
ranges of the Safed Eon, the rock is described as resembling the crinoid limestone 
'of the Hindu Eush.^ At the eastern end of the Bara valley, the Triassic shales 
and grits are faulted against blue schistose slates and highly altered limestone, 
the latter very similar to the limestone on Ghund Ghar, the hill overhanging the 
eastern mouth of the Ehyber Pass. 

The area between the Rohtas hill and the Bara valley is bounded on either 
•side by rocks which have been described as Carboniferous forming in the main 
syncline with Trias and possibly younger rocks between*. To the south, the 
Surghar hills consist of a hard, dark blue slate with bands an 1 patches of white 
•quartzite, all greatly indurated, dipping at high angles to the north and faulted 
•against the Trias; these rocks are similar to the rocks in the Ehyber Pass. In an 
•eastern prolongation of the Surghar hills, between Bara Fort and Jamrud, are hard, 
banded, flaggy and steeply dipping limestones, greatly altered, largely crystalline, 
•and unfossiliferous, and identical with a rock overhanging the Ehyber at Ghund 
Ghar and with much of the limestone of Bohtas hill, both of which occurrences 
•are assigned to the Carboniferous. The Ghund Ghar rock, exposed on the south 
side of the entrance to the Pass, has, towards the summit, oeen locally altered by 
the intrusion of a green igneous rock to a fine, crystalline marble of considerable 
beauty; this limestone is overlain by a band of highly ferruginous quartzite with 
beds of alum shale, the whole capped by grey limestones. The shale series has 
been classed as Upper Carboniferous to Permian ('Termo-carboniferous”); its 
limestones include a crushed crinoidal limestone and a dense coral limestone from 
the surface of which stand out the silicified remains of many corals and echinoderms. 
Near Walai are beds of massive, dark grey limestone and of a peculiar yellowish 
highly calcareous sandstone containing the remains of numerous brachiopods 
now largely replaced by bright red iron oxide. From a westward extension of the 
limestone near China were collected Hustedia grandicosta Waag., ^^RhynchondW* 
morahensis Waag., Gamarophoria purdoni Dav. and other fossils; from blocks 
■derived from the sandstone were obtained: 

Proiwstua (Waagenoconcha) aUehi Waag., 

,» ,» » „ , var wnalw Waag., 

Camarophoria pinguia Waag., 

„ purdoni Bay., 

Rhynchondla morahenaia Waag., 

Terebratuloidea minor Waag., 

Huatedia grandieoata Waag., 

Spiriferina cf, multiplkata l^w., 

AUoriama sp. 

Griesbaoh. Fee. XXV, 71 (1892)1 ^ 

*H.H. Hayden. Mem. XXVUI, 109 (1898). 
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All these forms occur in the Productus Limestone of the Salt Bange, and the 
horizon indicated is one between the Middle and Upper divisions and rather nearer* 
the Middle. Since the sandstone is underlain by the limestone already mentioned 
which above China village has thickness of perhaps 400 feet, and is overlain by 
other limestones, it is not unlikely that the whole of the Productus Limestone 
seris is represented. 

Hayden’s subdivision of the beds exposed between Ali Masjid and the Surghar* 
range may be tentatively correlated as follows 

4. Rod and brown shales and grits of the southern side of the JBazar valley Trias 

3. Limestones and calcareous sandstons with Productus Limestone fossils 

2. JBrownish’green and reddish shales with flaggy quartzites and subordi- VPermian 
nate bands of limestone and dolomite. J 

1. Altered limestones of llohtas hill, Ghund Ghar and the Surghar range Carboni- 
(Older Palaeozoic) ferous 

At Shahidmena in the Mullagori tribal country of the B^yber Agency are quarries* 
in a marble, which is the metamorphosed form of the limestone found at Ali Masjid, 
Bohtas and Ghund Ghar, and owes its marmorisation to dykes and sills of epidiorite. 
The relation of this pure white, saccbaroidal marble, which is of extremely good' 
quality, to the overlying schists and to the underlying schists with graphitic layers 
is not clear.^ The strike is towards Jawaramena and Lowaramena ; to the south¬ 
west of the latter, the limestone forms high cliffs on each side of the Xambela 
Khwar, where again intrusions of epidiorite in dykes and sills have caused the same 
metamorphism. This rock, which supplies most of the marble exported from the 
Peshawar district, is also quarried at Maneri in the Swabi iahsiU where it is variou sly 
coloured, white, grey, green, and yellow, the green variety being serpetinous 
with over 7 per cent, of silica. The marble of this area, according to Coulson, has. 
been formed by the alteration of a dark-coloured limestone by numerous intrusive 
epidiorite dykes. Other occurrrences probably of the same rock are reported in 
the hill-masses of Panjpir Ghat and Shah Mansur Ghar, at Ambar, and in the* 
hill of Ghundai Tarako on the borders of Swat. In the last mentioned area, 
marmorisation has also been brought about by intrusions of epidiorite and am¬ 
phibolite, and perhaps also by the biotite granite of Buner.* The white marble 
from Shahidmena and Maneri is a saccharoidal rock consisting of over 99 per cent, 
of pure calcium carbonate. The intrusive dykes and sills belong in all probability 
to the Panjal Trap suite. 

PALAEOGEOGRAPHY OF THE LOWER AND MIDDLE CARBONIFEROUS- 

EPOCHS. 

The Lower and Middle Carboniferous, i.e., the Dinantian and Moscovian, are 
exposed in the northwest Himalaya, but our knowldge thereof is scanty, as it 
is m moat other parts of Gondwanaland, a result, as Dr. due Toit points out, of 
marine regression leading in some places to deposition of estuarine or continental 
sediments oft the mainland, in others to exposure of the sea-floor. 

The Lower is represented in Kashmir by the Syringothyris Limestone, belonging: 
mostly perhaps to the Tournaisian stage, and in Spiti by the Lipak series which 

^ A.L. Coulson. Rec, 71, 332 (1936). 

* A.L. Coulson. Rec, 12 ,228 (1937). 
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probably includes both Tournaisian and Visean. Further work will no doubt 
discover more extensive exposures of the Lower Carboniferous along the Himalayan 
range, occupying the channel along which the Visean fauna is thought to have 
travelled eastwards to the Chinese basin. In China and western North America, 
as well as in Russia, many thousands of square miles are occupied by Carboniferous 
strata in horizontal or gently undulating sheets. In China, the Lower Carboni¬ 
ferous consists largely of a brown bituminous limestone, the equivalent of the 
Carboniferous Limestone of Europe; ill it, and in the corresponding limestones 
of Russia on the one side and Japan and North America on the other, the fora- 
minifer Fusulim plays a prominent role. Westwards, the open sea of the north 
Russian area in early Carboniferous times was replaced by a series of constricted 
gulf-like seas. 


The Carboniferous of Indo-China is mostly of Visean age, and a Lower Carboni¬ 
ferous assemblage, showing a striking resemblance to the Culm of western Europe 
has been noted in Lower Siam in a rock resembling one found below the so-called 
““Carboniferous Limestone” in the Langkawi Islands of the Malaya States.^ This 
^‘Carboniferous Limestone” of the Malay Peninsula has in places yielded a Visean 
fauna.'*® Curiously enough, neither the Plateau Limestone of Upper Burma nor 
the Moulmein Limestone of Lower Burma has so far supplied either Lower, Middle 
or Upper Carboniferous fossils, with the doubtful exception of a Spirifer^ but 
it is not improbable that a Visean assemblage will one day be discovered at some 
level in that thick and largely unfosailiferous sequence; only seventeen miles east 
of the Salween river, a Lower Carboniferous fauna has been obtained at Ta-li- 
fihao on the western edge of the Yung-chang Fu plain and belongs, so far as the 
evidence goes, to the Visean. There is little doubt that the Carboniferous occur¬ 
rences of Sumatra, Dutch Borneo, Malay, Indo-China and Burma, are all detached 
outcrops of one groat system. The Visean epoch witnessed an extensive marine 
transgression in northern Asia. On the other hand during the greater part of 
the Lower and Middle Carboniferous epochs, the western two-thirds of Australia 
persisted as land. 

The Middle Carboniferous or Moscovian is poorly represented in Asia. Part 
of the Po series of Spiti and of the Fenestella Shales of Kashmir may belong to this 
group, though there is not complete agreement on the matter; Grabau suggests 
that these formations include both Middle and Upper Carboniferous levels, while 
Gregory and Barrett refer them both to the Upper subdivision. The Middle 
Carboniferous Europe was an epoch of warm moist climate even in arctic latitudes. 
The Moscovian in Asia and Europe was an epoch of shrinking seas and the accu¬ 
mulation of continental deposits, especially of coal, except in north-westerp Russia 
where a local marine transgression occurred; China for the most part was a land 
area with coal basins. 'The palaeogeography of Asia during the Upper Carboni¬ 
ferous and Permian will be considered in the chapter dealing with the Gondwana 
continent. 


1 A.L. Coulson. Bee. 72, 221 (1937). 

* Stanley Smith '^Geology of Malaya’’, 56(1931). 

* F.B. Cowper Beed. Pal. Ind. New Ser. Yol. X, Mem. 1,24 (1947). 




CHAPTER XXI. 
EXTRA-PENINSULAR TRIAS. 

PalsBozoic-Mesozoio boundary. The Salt Range and Its trans-Indus Continuation; 
Distribution and clal^siiication; Ceratite beds; Kingriali Sandstone; Kingriali Dolomite; 
.Stratigraphical position of the faunas. Punjab and Central Himalaya: Position; Terminolo¬ 
gy ; Mode of occurrence; Thickness and character; Subdivision; Lower Trias of Spiti and Garh- 
wal; Lower Trias of Byans ; Correlation of the Lower Trias; Middle Trias; Anisian of Spiti and 
Oarhwal; Anisian of Byans; Correlation of the Himalayan Anisian ; Ladinian of Spirti; 
Ladinian of Kumaon; R3lation8hips of the Himalayan Ladinian; Upper Trias of Spiti and 
■darhwal; Carnic of Spiti; Carnio of Garhwal; Upper Trias of Byans ; Correlation of Tropites 
Limestone; Lowr Norio of Spiti; Lower Noric of Garhwal; Middle Noric of Spiti and Garh¬ 
wal ; Lower and Middle Noric of Byans; Upper Noric. Nepas. Exotic Blocks from Tibet. 
Southern Tibet. Mount Everest area. Sikkim. Kashmir; Vihi area; Palgam outcrop; 
Islamabad belt; Exposures east and west of the Wular Lake ; Sonamarg-Gurais belt; Shamsh 
Abari syncline; Zanskar basin; Changchonmo valley; Lingzi Thang; Depsang plains, Kara¬ 
koram Pass; Baltistad; Tosh Maiden-Gulmarg-Golabgah belt; Outline on the southwestern 
flank of the Pir Panjal; Himala 3 ra-Hazara syiitaxis. Hazara and Qattock ; Hazara district; 
Attock bistrict. Chitral and the Pamirs. Afganistan; Doab series; Khingil series. Balu¬ 
chistan, Burma : Arkan Yoma ; Northern Shan States ; Karenni. Burma-Siamese frontier. 
Yunnan: Introduction; Belt between Puerh Pu and the Mekong; Belt between Ta-lu and 
Hsin-chuang; Exposures east and south-east of Erh Hai. 

Palaeozoic-Mesozoic boundary. —It is by its failures that the geological record 
has been classified, and only by the gaps therein is a clean subdivision rendered 
.possible. Such gaps, however, can never be universal since it is impossible to 
.believe that since Archaean times sedimentation ceased entirely over the whole 
surface of the globe for however short a period. A hiatus in one region is found 
to be filled in another and the boundaries of subdivisions applicable to the former 
become artificial when applied to the latter. The repeated discoveries of inter¬ 
mediate stages of passage beds make it more and more difficult to draw the dividing 
lines which are necessary for logical terminology. Examples of such difficulties 
have already been noted in this manual, and the Palccozoic-Mesozoic succession 
in India has in the past been quoted as an example. It is true that in most places 
the Permian in India is followed by the Lower Trias with no visible discordance, 
and it was at one time a matter of dispute whether beds now referred to the latter 
/should not be grouped with the Permian, but it is to-day recognised that the change 
in fauna between Upper Permian and Lower Trias is just as marked and abrupt 
in India as it is ki Europe and other parts of the globe. The gap between the two 
systems has from time to time been partially bridged by discoveries of intermediate 
stages in the Alps and elsewhere, but, although there may be no angular uncon¬ 
formity, the advent of the Mesozoic marks in a general way a noticeable change 
in the forms of life, and this is as true in Asia as it is in the Western hemisphere. 
In northwest India only four of the Lower Triassic ammonite genera, Medlicottia, 
JEpisagecersy Xenaspis and Xenodiscus, are found in the PeBmian below. The 
extinction of the Productus Shales brachiopod fauna is as abrupt as the appearance 
and predominance of the Triassic cephalopods although this may have been 
largely due to changes in salinity, temperature, the direction of soa-current or food- 
supply. The Permian of India, even in the upper of its three divisions, shows 
closer faunal affinities with the Upper Carboniferous than it does with the Trias. 
The want of visible unconformity between the beds of the two systems, in any 
case does not preclude a disconformity or hiatus in deposition, indicating a tempo- 
xary withdrawal of the sea during an appreciable time interval. 

In the Peninsular region of India, the Trias forms part of the Gond wana succes¬ 
sion which will be considered in the next chapter. Outside the Peninsula, it has 
l}een recognised in the western half of the Himalaya and its trans-Jhelum conti¬ 
nuation in Hazara and Attock, in southern Tibet, in the Salt Eange of the Punjab, 

851 



852 


MANUAL OF GFOLOOY OF INDIA AND BURMA 


|Tol. II^ 


and its Trans-Indus continuation in Ohitral and the Pamirs, in Afghanistan and 
Baluchistan, and finally in the Arakan Yoma, the Shan States and the Siamese 
frontier of Burma. 

the salt range and its TRANS-INDUS CONTINUATION. 

Distribution and Clarification. —In the Salt Range of the Punjab, immediately 
succeeding the Products Limestone, and having the same lithological aspect, are 
the Ceratite beds of Lower Triassic age. Gee’s work sows that the break in depo¬ 
sition is fer greater between the Trias and the Jurassic than it is between the Per¬ 
mian and the Trias. Wherever the basal beds of the Trias are seen, they rest with 
no visible discordance upon the Upper Productus beds; the junction, however, 
is described as distinct and the basal Ceratite limestone as very characteristic 
and it is possible that a time interval may separate the deposition of the topmost 
Productus beds from that of the overlying Ceratite beds, in spite of the absence- 
of any signs of unconformity or transgression. The time interval between them 
in fact may have been considerable, for not a single species bridges the two copiou8> 
faunas, and the lowest stage of the Trias—^the Otoceras zone—appears to be entire¬ 
ly unrepresented. 

The Ceratite beds of the Salt Range Trias first make their appearance above 
the Upper Productus limestones north of Eund, and thicken rapidly westwards.. 
At first they are overlain by a Falaeocene lateritic deposit or an equivalent thereof, 
but to the south of Uchhali some grey and variegated sandstones and shales,, 
probably of Jurassic age, intervene between the Ceratite beds and the Falaeocene,. 
Further along the range, to the southwest of Sakesar, between these presumed 
Jurassic strata and the Ceratite beds there appears a massive sandstone stage 
below and a stage consisting of thin limestones, dolomites and calcareous sand¬ 
stones above. These two stages, which Mr. Gee has named respectively the 
Eingriali Sandstone and the Eingriali Dolomites, contain only a few poorly 
preserved fossils but, on stratigraphical grounds, are linked with the underly¬ 
ing Ceratite beds as part of the Triassic sequence. These two stages were so group¬ 
ed by Waagen in 1895; they are well represented in the western end of the Salt 
Range, are seen again at Kalabagh and in several other sections of the Maidan 
range across the Indus, and form prominent outcrops in the Khctsor range as well 
as in the Shekh Budian area of the Marwat range beind. Wynne seems to have 
hesitated between allotting these two stages to the Trias or to the Jurassic, but 
Gee has traced a marked overlap occurring above them and, chiefly for this reason,, 
includes them in the Trias, thus:— 


Mainwali series 


3. Kingriali Dolomites—^maximum thickness in the 
Salt Range., 

*2. Kingriali Sandstones—^maximum thickness in the 
Salt Range., 

1. Ceratite Beds—maximum thickness in the Salt 
Range, 


240 feet. 


220 

440 


The Mianwali series, as Gee has named the whole formation, probably reaches 
its maximum development of at least 950 feet in the southern p^ of the Ehasor 
range and in the southern slopes of Shekh Budin hill. The various members of the 
series are mutually conformable; according to Wynne, there is frequent variation 
in detail, but Gee describes the sequence of sedimentation as steady, though of 
varying type during the successive stages.^ The formation is probably for the most 
part shallow water, marine in character, though local freim-water or estuarine 
conditions have left behind a number of plant impres&dons in the flaggy sandstones 


^ Written communication. 
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and sandy shales near the top of the Ceratite stage. It is probably this horizon 
which has yielded remains of a pteridospermatous microsporophyll with clustered 
pendulous sporangia and named by R. V. Sitholey Indotheca sakesarensis, 

Ceratite Beds. —In the Ceratite Beds Waagen claims to have found the following 
general succession, which, however, is not always clearly indicated in Gee’s sec¬ 
tions :— 


C Upper Ceratite Limestones. 


Ceratite Stage 


Ceratite Sandstones 

Ceratite Marls. 

Lower Ceratite Limestone. 


f Upper 

^ Middle, or Stachella beds 
L Lower 


It is the Lower Ceratite Limestone which is the first member of the Trias to 
make its appearance north of Kund, consisting of from 5 to 10 feet of grey flaggy 
beds with Ceratites and about 25 feet of olive-green shales. Westwards and north¬ 
westwards higher Ceratite-ha&nng shales, marls and flaggy sandstones make their 
appearance in tlie upper slopes and in the folds at the top of the range, and fre¬ 
quently in the form of outliers cap the in*egular plateaus of Productus Limestone. 
From north of Kund to the western end of the range, the Ceratite stage extends 
continuously except where interrupted by dislocation; it is well exposed near 
Chhidru, and in the western scarp overlooking the Musa Khel plain occupies a 
regular position in the form of a thin band between the Productus Limestone 
below and the Jurassic above. On the other side of the Indus, the Ceratite beds 
always accompany the Productus Limestone. In the Maidan range, at the south¬ 
western end of the Khasor range, and in the Shekh Budin area near the south¬ 
western end of the Marwat range, this stage is succeeded by the Jurassic through¬ 
out most of the Khasor range it is overlain by Siwalik beds.^ 

A more or less complete section of the stage is seen to the northeast of Warcha 
Mandi in the cis-Indus Salt Range, where it includes the Lower Ceratite Limestone, 
8-10 feet thick, followed by about 200 feet of olive-green ceratite bearing shales 
and marls with bands of greenish grey flaggy sandstones, which are in turn capped 
by 5-8 feet of the flaggy Upper Ceratite Limestones containing Ceratites^ Stachslla, 
and other fossils. This gives a total thickness of nearly 220 feet, but the addition 
of about 75 feet of doubtful overlying beds, comprising a shelly calcareous sand¬ 
stone and some brown, red and grey selenite-bearing sandstones and ferruginous 
shales, would bring it up to nearly 300 feet. In other sections the following thick 
nesses have been observed: in the spur west of Sarai, 435 feet in the Namma 
gorge, 420 feet in the gorge southeast of Daud Khel, 290 feet below Kingriali in the 
Khasor range, about 600 feet. Some of the limestones of the Ceratite stage are 
magnesian, others contain glauconite. 

The following fossils have been identified by Waagen (revision by Dr. Spath in 
square brackets).* It will be noted that most of them are new species, many of 
which are founded on single specimens or fragments, and that with few exceptions 


1 A. B. Wynne. Mem. XVII, 240 (1880). 

• Pal, Ind, Sor. XIII, Vol. II, (1895). Mr. Gee’s collections of Triassic fossils from the salt 
Range and trans-Indus ranges are, it is understood, under examination by Dr. L. F. Spath. 
From the Lower Trias of the Warcha area, Reed, Cotter and Lahiri record Pseudosageceras 
miUtilobatum Noetl., FUmingiUs sp., Meekoceraa** (Koninebites) sp., Aspidites" {OlypeocerasJ 
sp. and Ophiceras sp., in flaggy limestones above the Upper Bdlerophon bed (Bee. LXU, 442 
(1929). From the Lower Trias of the Salt Range, apparently including the Lower Ceratite 
Limestone, th e Ceratite Marls and the Ceratite Sandstone, Vredenhurg ide ntifled seven additional 
forms:“Ce^/!i<fl«”[Anakashmirite8 "Jradiosus Koken,**C**[A7iak.2fortisKok,,*‘G**lAnak.]feUle3f 
Kok., IXenodisGoidea] perplicatus Freeh, Hedenetroemia mojsisovicsi Dien. (fAndhedenstroemia 
himdfayica Spath); see Cat. Foes. Ceph. Brit. Mue., Pt. IV, 217 (1934), Pseudosageceras mtdtu 
Idbatum Noetl. and *^Aspidites" (Glypeoeeraa) euperhus, var. praecursor Freeh (Paraepidite^ 
praeewrsor) (Bee. XLI, 59 (1911)). 
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each form is restricted to a single stage. The poor stage of preservation of the 
fossils is perhaps partly responsible for their multiplicity.^ 

From the thin Lower Ceratite Limestone were obtained :— 


Oophalopoda— 

^^Dinarites' * Prionites] patella Waag., 

Amhites rupestria >Vaag., 

Propiychitea oldkamianus Waag., 

,, discoidesWatig,, 

**Meekoceras** varians Waag.® 

Koninckitea veatua Waag., 

,, [Prtonololtu8]impr»88ua'W&ag,, 

. ■> , davidsonianus (deKon,), 

**Lecanitea^' [Oyraphiceras] gangeticua do Kon. (horizon not quito certain), 

99 U Oyronitea] pailogyrua Waag., 

[Prionolobua] undalua Waag. (from Kafir Kot as well as from cis-Indus 
localities), 

99 [Oyrolecanitea] impreasus Waag., 


Gyroniteafrequena Waag., 

,, superior Waag., 

ft [P]nangae7iaia Waag., 

ft [Olyptophicema] piicoaua Waag., 

Prinolohua alavua Waag. (from Kafir Kot, as well as from cis-Indus localities), 

,, compresaua Waag., 

,, plicatua Waag., 

,, ovalia Waag., 

,, huchian^ia do'^oti., 

,, plicdtilia W&ag. (from Shekh Badin only), 

,, ophioneua Waag., • 

Kymatitea typua Waag (?- **Meekocera8'* cf. radioaum Waag.; from the Shekh Budin area 

onljr). , , 

Pisces—, 

Oolobodus dameai Waag., 

Gyrolepia sp,, 

Acrodua flemingianua de Kon. (horiion not quite certain). 

The next stage is a thick, marly zone, which yields readily to weathering turn¬ 
ing to a light greenish colour; from these Ceratite marls come the cephalopods.® 
**Dimritea** minutua Waag. [? Xenoceltitea apitabergeiwia Spath], 

Olypiteatypicua Waag., 

„ kingidnua Waag., 

„ tvolvena Waag. [Clypeoceraa exceniricum Spath]. 

Ambitea diacua Waag, 

„ magnwnbilicatua Waag. (probably indistinguishable from A . diacua). 


^ According to Mr. Vrodonburg,, many of the species established by Waagen represent 
different modes of preservation of one and the same form, especially in the case of species and 
genera founded on the supposed absence of dentioulations along the suture lobes. Bee, XLl, 
59(1011). 

® According to Dr. L. F. Spath, the genus Meekoceraa, aensu atricto, does not occur in 
India. 


*From the topmost yellow limestones of the Shekh Budin area, a horiton seen elsewhere 
to occur above the Dolomitic stage and below the plant-bearing Jurassic beds, a TropiteaAike 
oephalopodis said to have been obtained. To it was given the name of Paeudoharpoe^aa apiniger 
(Veroh.) Bee. XXV. 186 (1892); Pal. Xnd. Ser. XIII, Vol. II, Pt. 1, 131 (1896); and due to its 
presence was the assignment of the two uppermost stages of Waagen to the Keuper. Dr. Spath 
believes this cephalopod to be an Upper Lias ammonite, a hildooeratid* and suggests that it 
may have been a loose form picked up from the surfooe (private oommunication). 





TRIASSIC FAUNA. 

I. Rhynchonella trinodosi Bittn- 2. Daonella lommeli Wissm. 3. Monotis salinaria Schloth. 4. Fmu- 
domonotis grieshachi Bittn* 5. Celtites multiplicatus Waag. 6. Ceratites wynnei Waag. 7> Meekocer€U 
koninckianum V/BAg. 8. Otoceras clivei Dien. 9. Ophiceras sakuntala Dien. 10. SihiritespraMada'Ditti. 

II. Ptyehites cogfMtus Oppel. tZ. Xenodiscus kimalayanus GtXBdb. 


G. S. I., CalcXitta. 
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Proptychitta lamencianua de Kon. (from the base). 
latifimbriatua de Kon., 

,, ammonoidea Waag. (from the base), 

,, vmgnumbilicatua Waag. (from the upper parts), 

,, khuenaia (‘ 'ahoorenaia' ’) Waag. (from the base), 

,, trilobatua Waag. (from th© upper parts). 

>, Eoptychites) undatua Waag., 

Kingitealens Waag., 

,, decliviaW&figi., 

^^Meekoceraa"' koninckianum Waag., 

99 pulchrum WsLRg, {Paranoritea cf. pulchrum), 

Koninckites ovalia Waag., 

9, [ P«rflfnori7ca] W'aag., 

KoninckiUa'^PamnoriUa) vercherci Waag., 

Qyronitea evolvena Waag.. (horizon not quite certain), 

Prionolohua rotundatua Waag., 

**Prionolobv.a” undatua Waag., 

In the lower portion of the grey Ceratite Sandstone occur: 

Cophalopodii— 

‘ ‘ Ge.ratiUs '* normalis Waag., 

Pfioniiea arcuariua Waag., 

''Odtitcs^'auLrfxtangnlaria Waag., 

,, laevigatua Waag., 

KynuilIlea poatcrua Waag., 

KIngitea minutus Wang., 

^'‘Meehoceraa^^ mdioaum Waag. [pos.sibly identical with Kymatitea typua \Vaag.], 
Koninckites {Paranoritea) gigaa Waag.(horizon not quite certain), 

Itfellianua do Kon. (horizon not quite certain), 

**Oyfonites'^ (Xenodiseoides) rotula Waag., 

,, radians'W&iig,, 

,, arenoaua Waag., 

,, vermiformia Waag. [Oyrophicctaa vcfmiforme]. 

From the middle Sandstone or Stachella beds come following:— 

CJephalopoda— 

Dinaritea^* coronatua Waag., [perhaps a young Kaahmiritea'], 

*‘'Cellitea" aubrcctangnlaria Waag., 

,, acutiplicatua Waag., 

Paranoritea ambienaia Waag., 

ProptychiUa [? Eoptychites'] pUcatus Waag., 

^ ,, [Eoptychites] oblique 2 dicatuaWasLg.^ 

Flemingitea glavcr Waag., 

,, mmus Waag., 

,, Waag., 

,, radiatvLs'Vfaa.^,, 

Parakymatiiaa diacoidea Waag., 

**Aapiaites'^ arcuoaua Waag., 

,, [Paranoritea] magnumbilicatua 'Waag., 

,, [Paranoritea] kingianua Waag., 

,, dentoaus Waag., 

9 9 [Clypeoceraa]diacu8Wasig.^ 

^^Meekoceras^" [Xenodi8coides]falcatum Wang., 

,, [Paranoritea] magnumbilicaium Waag., 

99 rotum Waag., 

,, [? Prionolobua] planulaium do Kon,, 

Koninckites radiatua Waag., 

Pisces— 

A crodua jaekel i Waag. 

From the Upper Ceratite Sandstone comes the following cephalupod fauna 
resembling one observed in southern China'. 

**Dinaritca** [? Xenoceltites] evolutua Waag., 

**Oeratitea** wynnei Waag., 

Prionitea trapezoidalia 'Waag.* 


1 C. C. Tien. Pal. Sin, B, XV, Paso. 1, (1933). 
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• ‘CeUtites*^[Kashmirites] armaius Waag.» 

Acrochordiceras [Pardstephanites] atavum Waag., 

Proptychiies (?) aberans Waag., 

Fhmingites trilohatua Waag., 

„ fiemingianus (de Koii,), 

,, compressua Waag., 

**Aspidiies' ^[Clypeoceras] svpcrbua AVaag. (horizon doubtful), 

„ evolvena Waag. (probably including Clypeoceraa excentricum Spath). 

‘ 'Lecamtes'^ophioneua Waag., 

From the flaggy Upper Ceratite Limestone come the following cephalopoda: 


Prionohbua sequena Waag. 

‘ *Dinarites"dimorphvs \Wag., 

**Cerattic8'Hnftatti8 Waag., 

„ diaculua Waag., 

,, murchiaoniayiua Wang., 

„ angularia Waag., 

,, dimoirphva Waag., 

„ aagitta Waag., 

„ patella Waag., 

Prionitea tuberculatua Waag., 

,, undatus Waag., 

,, linguatua Waag., 

* *Balatonitea"* punjabiensis Waag. (posaibly from a slightly lower horizon), 
^'Celtitea** trapezoidalia Waag., 

„ [Paeudoceltitea^ muHipUcatua Waag., 

„ dirnorphua Waag., 

„ acMtiplicatua Waag., 

„ ovalia Waag., 

„ terea Waag., 

AcrocTtordiceras dimidiatu Waag., 

,, \? Stephanitea] diatractum Waag., 

„ corona turn Waag., 

„ [Sileaiacrochordiceraa'] cf. dameai Noetl., 

„ compreaaum Waag., 

Stephanitea atiperbtia Waag., 

„ corona Waag., 

iSihiritea [Anaaibiritea'] kingianna Waag., 

„ chidruenaia Waag., 

„ dichotomua Waag., 

„ inaquicoaiatua Waag., 

,, ceratitoidea Waag., 

„ diacoidea Waag., 

,, anguloaua Waag., 

„ parvumhilicatua Waag., 

„ ibex Waag., 

„ hircinua Waag., 

„ tenuiatriatua Waag., 

* ‘Contodtactw’ *[iZemiprioni<€a] typua Waag., 

Monophylliiea sp., 

* ‘ Meekoceraa * 'fulguratum Waag., 

,, tardum Waag., 

“Ziccam<ca”conrolw<t/a Waag. 


Kingriali Sandstone. —The Upper Ceratite Limestone stage passes up into the 
Elingriali Sandstone, which consists largely of massive, white, grey or variegated^ 
friable sandstone^ current-bedded and sometime ripple-marked ferruginous banda 
of shaly sandstone and shale make up the rest of the stage. Southwest of Sakesar 
the Kingriali Sandstone is about 170 feet thick, in the Nammal gorge 180 feet, and 
southeast of Daud Khel in the extreme west of the range 105 feet. Across the 
Indus it is seen above Kalabagh and at several localities in the Maidan range,, 
more regular exposures are seen in the Khasor range, and below Kingriali the stage 
is about 200 feet thick. 


Ki^iali Dolomite.— The Kingriali Sandstone passes up gradually into the 
Kingriali Dolomite stage, which makes its appearance beneath the Variegated 
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«tage of the Jurassic in the area west and northwest of Sakesar, thickening rapidly 
to 220 feet in the Nammal gorge. The upper junction with the Jurassic is shi^* 

From what Dr. Waagen calls the “Bivalve Beds*’, come the following cephalo- 
pods:— * 

**Dinarites**sinuatu8 Waag., 

* * Cdtites" acutiplicatua Viatig., 

**Lecanitea** j^anorbia Waag. (perhaps a worn example of Qyronitea vermifonnia), 

„ layueua Waag. 

With these were found species of Orthoceras and Bellerophon,'^ and the bivalves 
which predominate in the st^e— Cardinia, Anoplophora^ Gervillia and RhynchoneUa • 
These beds are recorded as occurring between the Upper Ceratite Limestone and 
Waagen’s “Dolomitic beds”, and have probably been included by Gee in the base 
of his Kingriali Dolomite stage. 

The Kingriali Dolomite stage where fally developed, comprises yellowish and 
grey dolomitic limestones and calcareous or dolomitic sandstones, with a few thin 
bands of shale. Some of the hard, splintery dolomites have a brecciated appearance 
and show “honey comb” weathering. About 220 feet of this stage are exposed 
in the Nammal gorge. It is well represented in the Tredian hills, and at south-east 
of Daud Khel, a thickness of 245 feet has been measured. Across the Indus the 
impure dolomites crop out in prominent cliffs a little north of Kalabag and recur 
at several other localities in the Maidan range. They are conspicuous in sections of 
the Khasor range and are especially well seen capping the Kingriali cliffs, where 
they are several hundred feet in thickness. At Shekh Budin, Wynne estimated the 
thickness to be between 200 and 300 feet. Waagen subdivided this stage into a 
lower Dolomitic sub-stage, with indistinct bedding, and an upper sub-stage of 
thinly-bedded and yellowish limestones. From the lower of these two small 
sub-divisions he records some small internal casts of indeterminable bivalves and 
gastropods; the uppermost limestones arc described as crowded with indeter¬ 
minable fossils, chiefly bivalve shells but including some cephalopods. 

Stratigraphical position of the faunas. —^A peculiar feature of the Salt Range 
Triassic faunas is the abundance of ammonites, the rarity of goniatitic sutural lines, 
and the great predominance of ceratite sutural line. There appears to be no 
grounds for assigning any of the Salt Range stages to horizons above the top of the 
Lower Trias. Dr. Spath’s classification is as follows, his “Eo-trias” corresponding 
to the “Lower Trias” of this manual^:— 

Salt Range representatives. 


Upper Ceratite Limestone. 


Ceratite Sandstone. 

Upper Ceratite Marl. 

Middle Ceratite Marl. 

Lower Ceratite Marl. 

Lower Ceratite Limestone. 

^Presumably the Nautilua** of Waagen, Rec. XXV, 184 (1892), Bellerophon horiaou 
is recorded by Reed, Cotter and Lahiri in the Productus Limestone of the Warcha area, tho 
upper occurring immediately below the Triassic Ceratite beds. 

• Cat. Foaa. Ceph, BHt. Afua., Pt. IV, 27 (1934). 
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THE PUNJAB AND CENTRAL HIMALAYA. 

Position. —^Under the heading of the Punjab and Central Himalaya will be- 
considered occurrences of the Trias extending from the northeastern portion of the 
Eangra district of the Punjab, including the Spiti valley, through Bashahr State, 
Tehri Garhwal and the Kumaon division of the United Provinces, to the frontier of 
Nepal.^ That part of the Kumaon division with which we are at present concerned 
comprises the district of Qarhwal—often spoken of as British Garhwal—and the 
central belt of the Almora district formerly included under the terms Johar 
district and Byans district; the northern part of British Garhwal is known as the 
Painkhanda paigannah and lies behind, t.c., to the north of the great chain of snowy 
mountains. 

The possibility of the upper part of the Krol series (Upper Krol Limestone) 
belonging to the upper side of the Permian-Trias boundary has already been men¬ 
tioned in the last chapter, in which the Krol series has been described. Some¬ 
where between the Shali series, which may represent the Krol formation north 
of Simla, and the Subathus (Eocene-Oligocene) come the Madhan Slates, whose 
precise age is an unsolved problem. They are briefly described in a later chapter. 

Terminology. —The dark Productus Shales (Permain) of the western and central 
Himalaya are succeeded conformably by the Trias, the basal zone of which has a 
few fossils with Permian affinities. Both these systems form part of the broad sedi-r 
mentary belt which stretches from Kashmir through Kangra, Bashahr, Tehri 
Garhwal and Kumaon to Nepal. The Lower and Middle Trias were formerly 
grouped under the term Lilang series, while the Upper Trias forms the lower portion 
of a great limestone sequence, over 2,000 feet thick in Spiti, which was separated 
by Stoliczka into two divisions, the Para below characterised by Megalodon, and the 
Tagling above. Sir Henry Hayden, however, has pointed out that there are no 
means of dividing this limestone in the field and has proposed the term Kioto, 
for what is a single stratigraphical unit, divisible only on a palaeontological basis, 
striding from the top of the Lilang quartzites to the base of the Spiti Shales.* Work 
in the Attock district, west of the Indus, shows the Kioto as a continuous limestone 
sequence, ranging probably from the base of the Upper Trias through the Rhaetic 
into the Lias; possibly it has in places been mistakenly made to include a sub¬ 
division of the Cretaceous known elsewhere as the Giumal Sandstone. The limits 
of the Kioto limestone, therefore are somewhat indefinite, but the term is ueful 
when referring to older surveys whose results have not yet been brought into line 
with the classification of more intimately studied areas. The Kioto limestone is 
overlain by the Spiti Shales (Argovian to Valanginian), not only in the Himalaya 
of Byans, Painkhanda, Spiti and Kashmir, but also in the Hazara and Attock dis¬ 
tricts west of the Indus. 

Mode of occurrence. —^Along this belt of the Himalaya, therefore, the beds of tho 
Trias, Rhaetic and Lias appear to pass up one into the other, and to form a con¬ 
tinuous sequence. The rocks to be considered in this section are the Himalayan 
facies of the Trias, whose lower limit is now readily defined, whose upper limit 
ends in the middle of this thick limestone sequence andean only be recognised by 
fossil evidence. From Kashmir to Nepal the Trias is a marine facies, consisting 

1 The grave confusion into which the literature of the Himalayan Triassic faunas had fallen* 
was conscientiously rectified by Dr. Carl Diener, whose corrections should be gratefully re¬ 
membered. Further amendations kindly made by Dr. L. F. Spath with regard to the Lower 
Trias have brought the corresponding portion of this chapter into line with the classification 
reotntly adopted elsewhere. 

* At one time known as the* * Gray Limestone.* ’ 
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. of a great development of limestones, dolomites and shales. Its rocks share largely 
in the mountain structure of the chain and occupy much of the high country in 
north Kangra and the flanks of the Spiti valley, and nearly the whole of the water¬ 
shed range between Hundes and the Bhot Mahals of Gkkrhwal and Xumaon.^ East 
of Kashmir, the HimalayanTrias is without igneous rocks. Its distribution follows 
closely that of the Palaeozoic, in the synclines of which the Mesozoic sediments 
occur typically in long narrow strips, especially in Kumaon and can often be re¬ 
cognised from a distance by their rusty brown weathering. Good exposureis are 
seen at Shalshal and Bambanag in Painkhanda, in the vicinity of the sources of the 
Lissar and Dhauli Ganga rivers where they form part of two enormous synclines, 
and in the Hop Gadh of the Kamet area ; for some twenty miles or more east of the 
Dhauli, exposures are limited to the Lower division of the system. In several 
places an apparently complete sequence from the Permian Productus-Shalps to 
the top of the Spiti Shales (lowest Cretaceous) can be observed on a single mountain 
sides. 

Thickness and character. —^The total thickness of about 4,000 feet, quo ted by 
Griesbach with respect to the Niti sections of Garhwal probably applies to the 
Lower and Middle Trias and the whole of the Kioto Limestone, and may be greater 
than this further to the west in Spiti, but only about half of this total belongs to 
the Trias. The lithological character of the subdivisions of the latter in most 
parts of this particular belt is remarkably uniform; in the Lower Trias especially 
hardly any variation is perceptible. The formation as a whole is describe[d as 
strikingly reminiscent of the Alpine Trias. The limestones arc usually well bedded 
and, along some horizons, cither concretionary or dolomitic. ‘ In most sections 
there is a notable contrast between the dark-coloured shales and limestones of the 
lower portion of the system and the light grey dolomitic limestones of the upper 
portion. The Kioto Limestone, including in its lower portion the Upper Trias, 
generally gives rise to precipitous inaccessible scarpsr, usually facing towards tb® 
south ; these have been described as the scarps of the Tibetan plateau, but the 
structural intcr-relationShip is not quite so simple. Within the Tibetan boundary 
to the northeast is a different facies of the system, represented by exotic blocks, 
which will receive separate attention. . ' I 

The sequence throughout is concordant and there are no visible unconformities. 
Faunistic gaps occur, though some of these are probably filled by unfossiliferous 
beds— beds in which organic remains originally present have been subsequently 
obliterated or have so far escaped detection in a very inaccessible region. The 
Owenitan, for instance, has not been recognised in either Spiti or Painkhanda but 
may be represented in the former area by 24 feet of unfossiliferous shaly limestones 
and shales. The topmost zones of the Lower Trias, also, seem to be represented 
in both areas by the unfossiliferous Niti Limestone. Other missing horizons, 
such as the '%inodosus zone” of the Anisian may eventually be found. Nonethe¬ 
less one of the characteristic features of the Himalayan Trias seems to have been 
capricious sedimentatipn. 

Sobdivision. —The Himalayan succession of the Triassic system has been 
reviewed by Dr. Carl Diener,. whose scheme of subdivision^ forms the foundation 
of the attached table, in which revision regarding the European correlation of the 
Lower Trias have been made by Dr. L. F.^ath,. 


^C. L. Griesbach. Mem. XXHI, 67 (1891). 
■Jtfsm. XXXVI, Pt. 3, 141-142 {1912). 
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Lower Trias of Spiti and] GarhwaL —The Lower Trias thickens eastwards^ 
from 40 feet in Spiti to about 50 feet in the Painkhanda area of Garhwal and 150 
feet in Byans, but the most complete section is to be seen in the first of these loca¬ 
lities. ijthough so thin, the Lower Trias is remarkably persistent and the sections 
in Spiti and Garhwal, although a hundred and thirty miles apart, show the same 
detail in lithology and fauna. Good exposures are present near Lilang, and still 
better ones to the southeast of Muth where its division into a lower and an upper 
stage is well displayed ; the dividing horizon is composed of some grey shaly lime¬ 
stones and shales which are poor in or devoid of fossils and mark a lithological 
change. The lower stage comprises dark crumbling shales, closely resembling tho 
Productus Shales below, and alternating with hard black limestones weathering 
to a rusty brown. The alternations of limestone and shale afe very regular and 
average from about 4 to 6 inches in thickness; they are often much crushed into 
the subjacent shales by flexuring. The lower passes up through the practically 
unfossiliferous dividing horizon into the upper stage, in which the limestones 
predominate over the shales and become gradually less dark in colour. 

The lower stage can be divided into two sub-stages, (a) the Otoceras Beds 
below, and (6) the “Mcckoceras” Beds above. 

The clearest section of the Otoceras Beds, or Otoceratan, is to be seen in the 
Shalshal cliff of Painkhanda, where it can be divided into three zones : 

3. Zone of Ophicera/f iibeticum, 

2. ,, „ Ephisageceras dalailawac, 

1. ,, ,, Otoceras woodwardi. 

Zone 1, the main horizon of Otoceras lOoodwardi and Lytophiceras sahunlala 
consists of a dark blue limestone which, near the ton, is rich in Pseudomonotis 
(Claraia) griesbachi. Zone 2, a hard, dark clay with limestone concretions, contains 
very few fossils, the only two cephalopoda among which are Episageceras dalailafme 
and Proptychites scheibleri. Zone 3, another dark blue limestone, is characterised 
by Ophiceras iibeticum. In Spiti, although the lithology is somewhat different 
the same three zones arc probably present in the Otoceras Beds. Here we find 
a lower horizon of ferruginous limestone containing Otoceras woodwardi 0, cf. 
undatum 0, clivei together with Episageceras dalailamne, Prosphingites nala 
Lytophiceras sakuntala and several species of Ophiceras and probably corres¬ 
ponding to Zone 1 ])lns a ])ortion of Zone 2 of the Painkhanda area. This ferru¬ 
ginous limestone is followed by unfossiliferous sandy limestones weathering brown ^ 
corresponding possibly to the unfossiliferous portion of the Painkhanda Zone 2, 
Finally, grey limestones with Ophiceras Iibeticum, 0, cf. dewissum, 0, chamunda, 
Lytophiceras sakuntala and pseudomonotis griesbachi (common) appear to be 
the equivalents of Zone 3. According to Diener, Otoceras in Spiti is confined to 
the lowest horizon, where it is rare ; in Painkhanda, Octoceras is found, though 
rarely in Zone 3, where it is represented by a variety of 0. woodwardi. Dr. Spatb 
notes that in the East Greenland also Otoceras has been found to overlap Ophiceras 
and Lytophiceras sakuntala the most numerous fossil in the lowest Painkh¬ 
anda zone, occurs in the highest as well as the lowest of the three Spiti horizons. 

The combined fauna of the Otoceras Beds of the Himalaya, as listed by Diener 
and Bittner, comprises the following well preserved forms. i 

1 Mem. XXXVI, Pt. 3.17 (1912), Pal. Ind. Ser. XV. Vol. HI, Pt. 2, 70-73 (1899) Dr. Spath’a 
emendations as usual, in square brackets. 
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Brachlopoda-^ 

Rhynchtmdla (Nordla) proertatrw Bittn. 

Lamellibranchiata— 

Pseu4om(m(4i$ {Claraia) Bittn., 

V both found in the Lower Trias of southern 
M f» painhhandana Bittn., J China.> 

AvietUa aff. venetiana Hauer, 

Gastropoda— 

B^erophon cf. vaeeki Bittn. 

•Cephalopoda— 

Qrypoceras hrahmanicum (Griesb.), 

Xenodiacua [Qlyptophiceraa'] himalayanua (Griesb.), 

Epiaageceraa data\lamae Bien., 

Projdychitea aeheibleri Dien., 

Cphictraa medium Griesb., 
tt tibetieum Griesb., 

•> platyapira Dien., 

„ aerperUinum Dien., 

„ atricturatum Freeh and Xoetl., 

,, [Lytophiceraa] aaktifUala Dien., 

„ [Acanihophieeraa] gihboaum Griesb., 

„ [Metophieeraa'l demiaaum Oppel., 

,, [Lytc^dnceraa] ptychodea Vien,, 

„ „ chamunda Dien., 

Tiahnuitea pralamhha Dien., 

Mungariiiea sp. [Metoloceraa dieneri Spath], 

•Otoeeraa woodwardi Griesb., 

„ undatum Griesb., 
elivei Dien., 

„ draupadi Dien., 

„ parhati Dien., 

„ Jiaaiaellum Dien., 

*Meekoceraa^'[Prionolobua] hodgaoni Dien., 

Proaphingitea [Anotoceraa] kama Dien., 

„ „ nala Dien., 

While Ophiceras is the predominating genus of the Cephalopoda in the top¬ 
most zone of the lower sub-stage, it is extremely rare and represented by a single 
species—0. obtuso-angulatum in the upper sub-stage, where it is replaced by forms 
which were originally included under the upper sub-stage genus Meehoceras. 
This corresponds to Spath’s zone of ^'Geltites** radiosus, the lowest zone of the 
Oyronitan, and contains the following cephalopoda;— 

* ^Meekoceraa** rugoaum v. KraffV 

„ jolinkenae v. KraflFt (found also in the Lower Trias of Madagasaar), 

„ diaciforme v. Krafft, 

„ cf. diacua Waag., 

„ tenuiatriatum v, KraflFt (a passage form from Kingitea to Proptychitea)*. 

„ [Prionolobua] lilangenaia v. KraflFt, 

„ „ lingtienae y. Krafft. 

„ [Proptychitiea] markkami v. Krafft, 

,, [Koninckitea] kaydeni v. Krafft. 

„ „ aUerammonoidea y. Krafft, 

„ [**Aapiditea''? Koninckitea] apitienae v. Krafft, 

M Wlypeoceraa] enaanum y. I&aflFt, 

„ G^Aapiditea*^] craaaum y. Krafft (a form intermediate between Clypeoceraa 

and Koninckitea)^ 

^^Meahoeeraa varaka ''[Koninckitea kraffli Spath], 

''Xenodiaeua" radiana 

„ lilangenaia y.l^afft, , 

* ^Hedenatroemia" lilangenaia v. KraflFt (a primitive species), 

Chrypoceraa lilangenaty,Kiafft' i 


> BvU, aedl. See. China, XVI, 303 (1937). 

• L.F. Spath. Cat. CeSpk. Brit. Mva., Ft. TV, 168, (1934). 
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Before considering the upper stage of the Lower Trias, it should be mentioned 
that the following additional cephalopods belong also to the lower stage of the 
Lower Trias, but their particular horizon is not known :— 

‘ ^Meekoceraa' * [? Kcninchiiea] horeah Dien., 

„ [Koninckites] kyoktievm v. Krafft, 

,, dnbium v. Krafft, 

„ cf. radioavm Waag. (? Kymatitea typua Waag.), 

**Aapiditea**[Ki7igitea] vidarbha Dien., 

Proptychitea iypicua v. Krafft, 

Xanodiacua[Xe7U)discoidea'] rigidua Dien., 

„ „ rotula Waag., 

,, ,, cf. plicoans Waag., 

Kannitca [Juvenita8'\Mndoatanua Dien., 

„ „ herherii Dien., 

Fhniingitea {Eujlemingitea] guyerdeti Dien. 

The upper stage of the Lower Trias may be subdivided into three sub-stages : 

(i) the Hedenstroemia Beds, including in Spiti some 24 feet of unfossiliferous beds, 

(ii) a few feet of shalet with bivalves, and (iii) the unfossiliferous Niti Limestone. 
The Hedenstroemia Beds^ contain a fauna of uniform character, in which species 
of “ Xenodiscus ” (JnaJeashmirites) especially “ X ” [Anahshni irites\ nivalis^ 
Hedenstroemia and Flemingites predominate ; it probably corresponds to the 
middle and upper Gyronitan zon(‘s (those of Prionolobus rotunAatus and ^‘Celtites^* 
fallax) plus the two zones of the Flemingitan, KonineJeites volutus and Flemingites 
Jlemingianus, The best development of this sub-stage is seen at Muth in Spiti. 
It shows a considerable change from the fauna of the “ Meekoceras ” beds below 
it. Fossils, though numerous, are badly preserved, but the following cephalopods 
have been identified by Diener :— 


PUuronautilua dieneri v. Krafft, 

**Meekoceras'^ paeudnpHanulaium v. Krafft, 

„ aff. pilatum Hyatt and Smith, 

,, cf. joharenae v. Krafft, 

„ aoliiarium v. Krafft, (another passage form from Kivgites to Proptychitas). 

Aapidites [Paeudaspiditea"] muthianua y. Krafft, 

„ auperbiformis Dien., 

»? [Glypeoceraa] aff. auperhua Waag., 

Koninckitea [Paeudaapiditea] yudiahthira Dien., 

„ [f ParaAcrilea] gigavteus v. Krafft, 

Xenodiscus [Anakashmiritea] kapila Dien., 

„ [? Anakaahmiritea] puruaha Dien., 

,, [Anakashmiritea'] nivalis Dien., 

,, cf. trapezoidalia Waag., 

S. „ aaiaticua v. Krafft (perhaps identical with X, (Anakaalimiritea) nivalis),^ 

S. Flemingites rohilla Dien., 

S. „ muthenaia v. Krafft, 

,, grieabachi v. Krafft, 

„ aalya Dien., 

S. * *Ceratites"pumilio v. Krafft, 

Prionitea sp., 

Tirolitea injucundua v. Krafft, 

Naniiea [Juvenites] hindoatanva Dien., 

,, [Juvenites] medium Dien., 

Paeudjoaageceraa muUilohatum Noetl., 

S. Hedenstroemia rM^aiaovicai Dien. [Anahedenatroemia himalayka Spath. partim], 

„ (Anahedenatroemia) muihiana v. Krafft., 

Sibiritea [P Anaaibiritea} spitienaia v. Krafft. 

Proaviteal ‘ ‘ Lecanitea * *) aiaupala Dien. 

8 having afiinites with forms in the Ceratite Sandstone of the Salt Range. 


^ Originally known as tYie*'Ceratitea aubrdbuatua beds”; it is most probable, however that 
the specimen of Ceraiitea (Keyaerlingitea) aubrdbuatua^ supposed to have been derived from 
this horizon fell from the overlying Muschelkalk or Anisian cliffs. (Pah Ind.^ Ser. XV, Vol. Y., 
Jfem. 2, 132 (1007)). 
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The Bedenstroemia Beds of Spiti and Garhwal are succeeded by a few feet of 
lithologically similar beds of shale and limestone, in which two fossiliferous horissons 
have been recorded by Hayden, a lower with large numbers of bivalves, the principal 
Gf which are Pseudomonotis himaica Bittn. and jP. decidens Bittn., and an upper 
some 3 feet thick, with the three brachiopods Ehynchonella griesbachi Bittn.^, 
Norella Mngi Bittn. and Retzia himaic Bittn. From the latter horizon the cephalo- 
pod Sibirites prahlada is also recorded but it is very doubtful whether the single 
specimen labelled from this horizon did not come from a Lower Anisian (Bcyri- 
chitan) stage higher up. 

The highest bed of the Lower Trias in Painkhanda and Spiti is the Niti Lime¬ 
stone, a massive, nodular, practically unfossiliferons limestone, some 50 feet in 
thickness. This gives rise to the most conspicuous scenic feature of the region 
rising in a steep escarpment above the slopes of older Triassic bods. 

Lower Trias of Byans.— In Byans, the Lower Trias differs considerably 
from that of Spiti and Garhwal, and is represented by about 150 feet of chocolate- 
coloured limestone, and by the lowest portion of an overlying light grey lime¬ 
stone containing RhynchonelJa griesbachi ; the chocolate-coloured limestone passes 
down through unfossiliferous passage beds into the Productus Shales. Numerous 
fossils have been obtained from a sandy rock in the vicinity of Jolinka and Kuti, 
near the base of the compact, chocolate limestone, indicating the lower stage of 
the Lower Trias : with the exception of Ophiceras cf. serpentinum which is charac¬ 
teristic of the Otoceras Beds, the species are members of the ‘^MeeJcoceras ” fauna 
and include : ** Meehoceras ** horeale Dien., dubium v. Krafft, “ M jolin-^ 

hense v. Krafft, “ Aspidiies [Koninckites] spitiensis v. Krafft, “ A ” [Kingites] 
vidarbha Dien. Proptychites typicus v. Krafft, “ Xenodiscus'* radians Waag., 
and (Xenodiscoides) roiula Waag. The presence of the upper stage of the 

Lower Trias in higher layers of the Chocolate Limestone at Kalapani, Lilinthi, 
Jolinka and Kuti, is demonstrated by the occurrence of Flemingites cf. griesbachi 
V. Krafft, ** Hedensircemia mojsisovicsi ” Dien. and “ H [ParahedenstroBmia’] 
acuta V Krafft, A faunule from near the top of the Chocolate Limestone at 
Jolinka is interesting in that it consists exclusively of species of “ Bibirites ” 
[Anasibirites']- a genus restricted in the Salt Bange to the Upper Ceratite Lime¬ 
stone ; the species identified include: ^'Sibirites spiniger v. Krafft, ‘‘ S.** 
robustus V. Krafft, and “ S” stephanitiformis v. Krafft. The specimen of “ Sibi- 
rites ” spitiensis from the Muth section in the Spiti valley is probably derived from 
a representative of this horizon in the Hedenstroemia Beds. 

Conrelation of the Lower Trias.— The Lower Trias of the Himalaya and 
that of the Salt Bange possess a considerable number of species in common and the 
following table shows the inter-relationship. The most obscure point in this 
respect is the equivalent in the Salt Bange of the Otoceras Beds, the most charac¬ 
teristic elements of whose fauna are absent in that area®; it appears likely that 
they take the place of the unfossiliferous clay and shales in the Salt Bange succes- 
.sion below the Lower Ceratite Limestone. 


® ' *Ryhnchonella semipleeta'* of the 2nd Edition of this manual. 
• Pal. Ind, Ser. XV, Vol. 11, pt. 1, 177 (1897)*. . 
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Himalaya. 


Sjalt Range. 


Lower 

Trias. 


fZone of * • spiniger (Byans) 

I Hedenatrcmia Beds 

P * Jif ecfcoceros ” Beds 
I Otoceras Beds .... 
I^Productus Shales .... 


Upper Ceratite Limestone . *] 
Ceratite Sandstone . . I 

Ceratite Marl . . . tLower 

Lower Ceratite Limestone . | Trias, 
Unfossiliferous clay and shale ] 

(Upper ProductuB Limestone. J 


The Otocems-Ophiceras fauna appears to be one of limited distribution, and 
is best developed in East Greenland where it occurs in beds 500 feet thick. In 
the Himalaya it occupies not more than two or three feet, and at Ussuri in Japan, 
the only other region where it has so far been recorded, the beds are greatly attenua¬ 
ted. ^ The “ Mcehocems ’’and Ophiceras zones are widespread over the middle 
and lower Yang-tze valley in southen China, and include Ophiceras cf. demissum 
O. aff. chamunda,^^* MeeJsocems'^ cf,jolinhense, Xenodisciis cf. rigidas, and 
“ Xenodiscus ” aff. Ulangensis.^ The corresponding fauna at Darwaz in Bokhara 
with a doubtful “ MceJcoccras ”, is mainly a lamellibranch assemblage and indicates 
an approach to the northern shore of the sea in the more open portion of which the 
Himalayan deposits accumulated. “ MeeJcoceras ” and Psemlojlemingiles (the 
so-called “ Ophiceras ”) are present in Timor, a.nd the former genus occurs in 
Armenia. With the Camj^il or Upper Werfen beds of the Alps the Lower Trias 
of the Himalaya shows a general parallelism, though the relationship of the two 
faunas is not very close. The true MeeJcoceras fauna of California, Idaho and 
other parts of the Pacific province belongs to a later stage of the Lower Trias 
(Owenitan), and is present in the Ussuri and Olenek areas of Siberia. 

Middle Trias.- The Middle Trias is represented in the Himalaya by the 
Anisian and Ladinian stages. In Spiti, where it is best developed, the Ladinian 
-exceeds the Anisian considerably in thickness. For reference, Dr. Spath’s classi- 
ficatory scheme is as follows 


Ladinian f Upper . 

or -J 

Ceratitan 1. Lower . 


Zone of Ceratites archelaus, 
i^ono of Ceratiies reitzi Upi)er. 


Anisian 

or 

Virgolorian. 



^Zone of Paraceratites 

1 

rUpper or 

trinodoaus. 



Zone of Paraceratites 
binodosus, J 

■Middle . > 

1 Lower or Beyri- 
chitan. 


Lower . J 


Muschelkalk. 


Anisian of Spiti and Garhwal.— The Anisian is just as uniform throughout 
Spiti and Painl^anda as the Lower Trias, and nearly every bed in the one can 
be matched in the other area. Good sections of the Anisian can be seen in the 
two classical Painkhanda localities of the Bambanag cliff above the Girthi valley, 
and the Shalshal cliff opposite Bimkin Paiar, a little below the confluence of the 
Barahoti and Chorhoti rivers, as well as in the Lilang and Lingti exposures in 
Spiti. Of the two stages into which the Anisian can be divided, the lower or 
Beyrichitan consists of 6 feet of thin-bedded grey limestones, partly alternating 
with shales ; ammonites, which prevail in the lower horizons, are gradually replaced 


1 L. F. Spath. Meddeleher om Qronland, Bd. 98, Nr. 2,114-115 (1935). 
* V. K. Ting. Pal Sin, B. XV, Faso. 1, 1 (1933). 
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by brachiopods which predominate in the upper. The following are the cephalopoda- 
of the Lower Anisian, twelve species of which are peculiar to Spiti 

6.G. '^Keys&rlingUea'* [Durgaite9\di€ner%'^o\B,f 
8. M pahari Lien., 

S. »» pagoda Dien.^ 

8. „ [Ceratit%t8\ aff. bungei Mojs.» 

8. Ceratitiea (Hollandites) vyasa Dien., 

8. ,9 {Danubites) cf. hansa Dien.» 

8.0. Dalmatiies ropini Dien., 

8. Japonitee cf. ugra Dien., 

8. * ‘ Stacheitea ’ * welbianvs Dien., 

8. **Sibirite8'* prahlada Dien. (probably the inner whorls of a Durgaites, and probably 
identical with the Timor ^Tir(dite8**meridianua Welt.), 

8. Oymnitea depauperatua Dien., 

8. „ aff. aankara Dien., 

8.G. MonophylUtea {Uasuritea) hara Dien. {Eophyllitea refractua Spath), 

8.0. „ „ kingi Dien. {Uasuritea (P) decipiena Spath), 

8. ,, (Mojavaritea) Confueii Dien., 

8. „ „ {Leiophyllites) pradyumna Dien., 

G. Orthoceraa cf. multilahiatum Hauer, 

G. „ cf. campanile Mojs. 

Of the brachioppds, Rhynchonella mutahilis Stol. has been collected from Spiti^ 
and Spiriferina stracheyi Salt. [Athyris Spiringera stoliczJcai] Bittn. (perhaps the 
equivalent of Athyris strohmeyeri Salt.) and Rhynchonella dieneri Bittn. frolo. 
both Spiti and Garhwal; other species are recorded but their stratigraphical posi¬ 
tion is not certain. 

The most characteristic element in this fauna is the group of DurgaitesldienerL 
The astonishing resemblance of the adult form of this cephalopod to the adult form. 
of Keyserlingites subrobustus {^^Ceratites subrobustus**) of the Siberian Olenek 
beds is quoted by Dr. Diener as an interesting case of convergence, there is believed 
to be no real afl&nity between the two; the larval and adolescent stages differ 
markedly for, while the inner nucleus of the Siberian species resembles the mature 
stages of Dinarites {Olehenites) spiniplicatus its Indian representative passes 
through stages resembling Tirolites a nd afterwards ^Sibirites,^ Some of the cephalo¬ 
poda are akin to Alpine forms, Monophyllites hara [Eophyllites refractus] and the 
two Orthoceraa species being more or less identical, but the brachiopods are all 
2 solated types and differ considerably from Alpine species. 

The Upper Anisian is composed of thick beds of hard, grey, concretionary 
limestone which has yielded a few brachiopods, lemellibranchs and gastropods^ 
and a copious cephalopod fauna ; the latter is very uniform in Spiti and Painkhanda 
and constitutes one of the richest and most widely spread fossil horizons in the' 
Himalaya. The following list has been compiled by Dr. Diener 
Brachiopoda—o 

8. Canothyria mlgaria Sohloth., 

8. Mentzelia mentzeli Dunk., 

6. „ koeveakallienaia Suess., 

Jjaihellibranchiata— 

6. Poaidonomya aff. pannonica Mojs., 

8. Lima aff. lineata Desh., 

8. Cadomorpha (f) hoydeni Dien., 

» 0. Diener. Mem. XXXVI, 264-265 (1912), ^ 

S.cal^iti forms, 
wrhwal forms. 
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Gastropoda—^ 

8. Pseudomelania Bp., 

8. Omphaloptyeha sp., 

8. Tectoapira gracilis Blaschke., 

8. Worihcnia dieneH Blaschke. 

Cephalopoda— 

8. Orthoceras spitiense Bien., 

8. Mojsvaroceras kagae Dien., 

8.A. Oermanonautilus cf. salinarius Mojs., 

8. Syringonavtilus spitiensis Stol., 

8. Orypoceraa grieabachi Dien., 

8. „ aff. paltadii Mojs. (Eastern Johar), 

8. Paranautilua hullocki Dien., 

S.A. Ceratitea [PaTaceratitea'\ trinodoaua Mojs., 


S.G. 

[Paraceratitea] thuilleri Opp., 

S. 

himalayanua Blanf., 

s. 

aff. ahichi Mojs., 

s. 

auperbiformia Dien., 

8 . 

truncua Opp., 

8 . 

devaaena Dien., 

8 . 

padma Dien., 

S.G. 

kamadeva Dien., 

G. 

royleanna Dien., 

G. 

{Qymnotocerua) aff. gtminaiua Mojs., 

G. 

(liollanditea) arjuna Dien., 

G. 

,, nalikanta Dien., 

G. 

„ arikanta Dien., 

G. 

,, narada Dien., 

8 . 

„ hidimba Dien., 

S.G. 

,, voidi Opp., 

S.G. 

,, ravana Dien., 

S.G. 

,, airavata Dien., 

S.G. 

,, viavakarma Dien., 

S.G. 

„ duTtgara Dien., 

S.G. 

,, moorei Dien., 

S.G. 

,, vyaaa Dien., 

S.G. 

,, cecilii Dien., 

8. 

(Salteritea) oherhummeri Dien., 

8 . 

lllaydenitca) hatscheki Dien., 


G. Ananoritea monticoja Dien., 

G. Japomica augriva Dien., 

G. 99 chandra Dien., 

S.A. ,, cf. d/ewen Mart., 

G. Beyrichitea gangadhara Dien., 

G. „ [1 .Arctoceraa] affinia Mo}b., 

G. „ rudra Dien., 

8. ,, proximva 0pp., 

S.G. „ khanikoffi Opp., 

S.G. ,, keaava Dien., 

8. Cueeoceraa Yoga Dien., 

8. laeulitea kanerinva 8tol., 

S.A. Acrochordiceraa cf. carolinae Mojs., 

8. ,, aff. piiatericum Mojp., 

S.G. ,, halarama Dien., 

S.G.A. Sturia aavaovinii Mojs., 


S.G. Badahaitesrama Dien., 
S.G. Oymnitea jollyanua Opp., 


S.G. 

sankara Dien., 

S.A. 

incultua Boyr., 

S.A. 

cf. humboldti Mojs., 

8 . 

mandiva Dien., 

8 . 

kirata Dien., 

8 . 

religioaua Dien., 


S.aaSpiti form. 

Q.sGarhwal form. 

A. a Definitely or most probably identical with an Alpine form. 
9 GSI/64 
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Cephalopoda--conf(2. 

S. Oymnites alF. suhclausus Hauer, 

S. Anagymnites lamarcki 0pp., 

S. ,, cf. acutus Hauer, 

S. „ torrenai Dien., 

8. Monophyllites aphaerophyllus Hauer, 

8. Pinacoceraa rajah'DiexL,, 

S. Ptychites cognaim 0pp., 

S. „ suhra Dien., 

S. „ aawra Dien., 

8. ,, diirandi Dien., 

S. „ vidura Dien., 

8. „ malletianna 8to]., 

8. „ impUtus 0pp., 

8. „ mangala Dien., 

S.G. ,, rugifer 0pp., 

S.G. ,, cochleatua 0pp., 

S.G.A. „ evereati 0pp., 

S.G. „ gerardi Blanf., 

•8.G. „ aumitra Dien., 

8.G. ,, mahendra Dion., 

8.A. Joannitea cf. proavua Dien., 

8.A. Proarccatea balfouri 0pp., (P. escheri of MojsisovioB), 

8. „ aff. bramanUi Mojs., 

On the southern slope of the Uttardhura, between Milam in Johar and the 
Girthi valley in Painkhanda, a faunule of a rather peculiar character has been 
collected, including the three following species which are not found in other parts 
of Spiti and Painkhanda: Orthoceras cf. campanile MoJs., Acrochordiceras joharense 
Dien. and Paeudodanuhites dritarrashtra Dien. 

On the eastern slope of the Hop Gadh, a stream in Hundes five marches beyond 
the village of Nelang in Tehri Garhwal, Mr. Griesbach collected the following 
Upper Anisian forms, but the horizon has not been thoroughly explored and would 
probably yield a larger number of well-preserved fossils: Ceratite (Hollandites) 
hidimha Dien., Beyrichites hhanijcoff 0pp., Ptychites govinda Dien. and Proor- 
cests balfouri 0pp. 

Anisian of Byans. —Like the Lower Trias, the Anisian begins to change its 
facies in the northeast corner of Kumaon (Byans) as it approaches the boundary 
of Nepal, where it is developed in the form of pure, light grey limestone with no 
trace of shale partings. The Lower Trias zone of Rhynchonella griesbacki is 
included in this limestone whicn supersedes the Chocolate Limestone. About 
60 feet above the top of the latter, within the uniform mass of the light grey lime¬ 
stone, is a layer of brachiopods repesenting the zone of Spiriferim stracheyi and 
containing in addition to that species Athyris stoUczkai Salt and Bielasma himala^ 
yanum Bittn.; the cephalopods, Keyserlingites and Durgaites are not, however, 
recorded. The characteristic Alpine Muschelkalk species, Rhynchonella trinth 
dosa Bittn. has been found in the Byans Anisian but whether in this horizon or 
from the Upper division is uncertain. Above the brachiopod layer is a bed 
full of Upper Anisian cephalopods, including the following species, the specimens 
of which usually show severe distortion:— 

Airactitea amithi Dien., 

Orthcceraa of. campanile Mojs. (Alpine form), 

Qrypoeeraa grieahaehi Dien., 

8.»Bpite form, 
a «*GarhwaI forn. 

A.«BDefinito1y or most probabl identical with Alpine form. 
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Mojsvaroceras aff, morlotum Mojs., 

„ nivicola Bien., 

Ceratite8 [Paraceratite8}thuilleri 0pp.» 

„ kurera Bicn., 

,, [Philipptee'] jolinkanus Bieu 
,, {Jlollandites) vyasa Bien., 

,t ,, roxbnrghi Bien., 

,, {Penpleurocychut) smithiamis Bien., 

JSmithoeeras drummondi Bicn., 

JSagecera^ sp. 

Buddhaites rama Bien., 

Biikowskiitea colvini Bien., 

• Pinacoceraa loomisii Bien., 

Oymnitea jollyanus Bien., 

„ kirata Bicn., 

,, Sankara Bien., 

Ptychitcs sahndeva Bien., 

From tlie above list of types, half of which have not yet been found in any 
Himalayan district outside Byans, it is evident that the lithological change is 
acco>mpanied by a faunistic one as we approach Nepal. 

Correlation of the Himalayan Anisian. —Although remarkably similar in 
stratigraphical development to the Lower and Middle ‘Muschelkalk of the Eastern 
Alps, the Himalayan equivalent has a number of peculiar faunistic elements of its 
own, including especially the presence in its upper portions of sub-genera of Ceratites 
fiuch as Hollaiidites (a jiredominant type), Peripleurocyclus^ Salterites, Haydenites, 
Pseiidodanubites, Bulowslcites and Keyserlingites *, Smithoceras durmM is a 
particularly abberrant form and the primitive ancestor of the Upper Triassic 
Juvavitinae. Two species of the Indian sub-genus HolUnUlities, and one of Gym- 
notoceras occur in the Nevada fauna of North America and the last is also found 
in the Oleiiek area of Siberia though not in the Alps. 

Ladinian of Spiti.—The Ladinian stage, included with the Middle Trias 
is represented by a fossiliferous succession in Spiti up into which the Anisian passes 
so gradually, botli lithologically and faunistically, that it is impossible to fix any 
definite boundary line between them. At Kaga, a village on the left side of the 
Parahio valley, and at Muth in the Thanam valley, there is a passage bed, closely 
associated with the topmost Anisian horizon and yielding a fauna which is of a 
decidedly Ladinian aspect and may perhaps correspond to the Buchenstein of the 
Tyrol; ten of the species (d) range up into the Daonella Shales above, and two 
{m) down into tne tipper Anisian :— 

Brachiopoda— 

d. Athyris (Spirigera) hmicus Biltn. 

Cepkalopoda— 

Arpadttes cf. lissarensia Mojs., ^ 

d. „ rimkinenais Mojs., 

d. ffungariieapradoi d^Arch,, 

„ aff. mojaiaavkaua Boeckh., 
d. Protraehyceraa longobordicum Mojs., 
d. „ apitienae Bien., 

d. „ cautleyi Bien., 

d. Thanamitea hicuapidatua Bien., 

,, bannamaia Bien., 
d. Bimhinitea nitienaia Mojs., 
d. „ edmondi Dien.f 

Bturia sp.. 


25a 
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Oephaloppoa— 

m.d. Ptychites gerardi Blanf., 

MtgaphylliitB jarba9 Muenst., 
d. Joannites homnati Dien., 
m. M cf. praams Dien., 

Proareeates of, balfouri C^p. 

The Daonella Shales consist of 160 feet of black, thin-bedded, shaly limestone 
and earthy shale with some bands of hard, black limestone weathering brown; 
from an horizon near their base they have yielded the following typical Ladinian 
fauna 

Braohiopoda— 

AthyrU (Spirigeraf hunictis, Bittn., 

Phynehmella cf. tne^aldiana Stol. 

Lamellibranchiata—^ 

t. Daonellalammeli Wissm., 

,, indiea Bittn., 

Cephalopoda— 

Ceratitea naraingha Dien., 

Arpaditea rimkinenaia Mojs., 

t. HungariUa pradoi d* Arch., 

Thanamitea hicuapidaiua Dien., 

Rimkinitea nitienaia Mojs., 

,, edmondi Mojs., 
t. Anoleitea laczhoi Dien., 
t. Protrachyceraa archelava Lho,t 
„ apUienae Dien., 

t. „ Zadini^tn Mojs,, 

t, „ cf. longobardicvm Mojs., 

t. ,, cLregotedannm'hlola .9 

Sturia sp., 

Oymnitea caloaoma Dien., 

Finacoceras aff. dameai Mojs., ^ 

Ptychitea gerardi Blanf., 

Joannitea cf. proavua Dien., 

,, cf. tridentinua Mojs., 

,, koaamati Dien., 

Proarceatea bicinctva Mojs., 

,, cf. balfouri 0pp., 

„ aff. eainenai Mojs., 

tsTyrolese Wengen forms. 

The Daonella Shales are succeeded in Spiti by the (Daonellal Limestone, a 
dark homogeneous, splintery rock about 145 feet thick containing Daonella lommeli 
throughout the lower 100 feet or so, In it are represented both the highest Ladinian 
and the lowest Carnic fauna, the beds forming a passage between the Middle and 
Upper Trains; Diener suggests that the lowest 80 feet of this sub-division should be- 
included with the Ladinian, making the total of the latter stage about 240 feet.. 
The fauna of the Daonella Limestone is as follows 

Crinoidea^ 

Traumatoerinua p. 

Brachiopoda— 

Rhynehonella of. rimkinenaia Bittn., 

Lamellibranohiata*>« 

DconeUa lommeli Wissm., 

„ indiea BiUn*, , 

. aff. caaaianae. 



Chap. XXL} 


BXTRA-PSKIKSULAB TRIAS 


873 


Ophalopoda*— 

Phwioceraa ddiciosum Dien., 

J^tyrites lilangensis Dien., 

Celiites trigonalis Dien., 

^ ,, perauritus Dien., 

Rhnkinites nitiensis Mojs., 

MonophyllUes cf. vjengensis Klipst., 

JoanniteA cf. klipsteini Mojs., 

,, hoftsmaii Dien., 

Ladinian of Kamaon. —Tlie Daonella beds dwindle eastwards towards Pain* 
Ichanda, in which locality Daoiiella lommeli is not known and the sub-stage appears 
to be represented by a limestone of small thickness and lithologically like that of 
^ the Anisian; it is very poor in characteristic Xjadinian fossils but there is no hiatus 
between the Upper Anisian and the Garnic stages. Opposite the Ralphu glacier 
in the Lissar valley of gonar, a dark grey limestone has yielded a small fauna which 
has a somewhat older aspect than that of the Traumatocriniis Limestone, 
but there is no definite proof of its Ladinian age. In Byans there is no palaeon¬ 
tological evidence whatever of the Ladinian stage. 

Relationship of the Himalayan Ladinian. —^During the Ladinian epoch 
we still find a close relationship between the Hinxalayan and Mediterranean faunas; 
out of 30 species the Indian fauna possesses four only which show fauiiistic elements 
peculiar to itself. Similar afiinites are seen in the passage beds below. 

Upper Trias of Spiti and GarhwaL —In the Upper Trias there are two 
distinct rock groups, a lower in which marly, clayey and arenaceous sediments 
predominate over calcareous, and an upper consisting of pure limestones and dolo¬ 
mites. This lithological division does not correspond to faunistic changes. The 
separation, for instance, of the Garnic from the Noric is not marked lithologically; 
in fact, the uniform mass of grey limestones and dolomites which follow the more 
shaly succession includes the equivalents not only of the Noric and Rhaetic Dach- 
steinkalk of the Tyrolese Alps but even of the Lias and Oolite.^ The more argil¬ 
laceous beds of the lower group form slopes from which tower cliffs and jagged 
peaks of the younger dolomite and limestone. 

Carnic of Spiti. —In the Lilang section of Spiti, the Garnic stage is at least 
1,600 feet thick and includes, as we have seen, the upper portion of the Daonella 
Limestone. The lower limit of this stage may be drawn at a bed containing Joan- 
nites (hammemis Dien.; that portion of the limestone above this layer has yielded 
Halobia cf. cotnata Bittn., a species typical of the Julian sub-stage in the Himalaya. 

There are four fossil horizons in the Garnic stage of Spiti abo-e the Halobia 
Limestone.^ The lowest of these, lying almost imniediately above the limestone, 
is a band of black concretions containing numerous ammonoida among which 
are:— 

Trachyceras afif. arias Mojs., 

9 » sp. (group of acan^/(tca). 

^Carnites floridus Wulf, 

* ,, cf.. .nodtj/er iUien., 

*Joan7utes cymbiformis Wulf, 

MonophyllUes aff. simonyi Hauer. 

»C. Diener. Mem. XXXVI287 (1912). 7 

* Uahbia and Daonella are regarded by some as synonymous genera. The term Halobia 
is generally used for forms in which an anterior wing is represented by a smooth non-projeoting 
area, the term Datmella ior forms in which neither an anterior nor a posterior wing is present. 
Whether or not the two foilais are best regarded as sub-genera of a single genus, it is convenient 
to make use of them and to retain the names proposed by Stoliezka for those sub-stages of tha 
Ladinian and Carnic named after them. 

* Cenera peculiar to India. 
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The three species asterisked are found in the zone of Trachyceras aonoides of 
the Julian sub^stage of the Alps, and of this zone and the overlying zone of Carnites 
fionidus the above fossil horizon appears to be the honxotaxial equivalent. 

This horizon of black concretions is followed by grey earthy shales with inter¬ 
calations of grey shaly limestone, one of them 20 feet thick. Forty feet above the 
latter and about 300 feet above the Halobia Limestone occurs the second fossil 
horizon, identified in the Lilang section and also to the northwest of Muth. It 
has yielded a badly-preserved ammonite referred with some doubt to paratro'pitesy 
but from both localities a rich brachiopod and bivalve fauna has been collected, 
including;— 

Braohiopoda— 

Rhynchonella laucana Bittn., 

,• „ var. Ulangcnsia Bittn., 

„ cf. semipleeta Muenst. 

•t freshjitdi Dien., 

„ himaica Dien., 

,, cf. bajavarica Bittn., 

Auatriella nff. nvx Suess, 

Spiriferina gregaria Suess, 

,, aff. ahaUhaleiMis Bittn., 

,, orophiia Dien., 

,, dc^arae Dien., 

Mentzelia mentzeli Dien., 

^AajnUithyria hrvffti Dien., 

Dielasmn juHcum Bittn., 

,, haydeni Dien., 

Cruraiula {?) indica Dien. 

Lamellibranchiata— 

*Lilangina nobilis Dion, (genus allied to Cassiartella Beyr. and Hoerneaia Lbc.), 
'^Fomarangina haydeni Dien. (genus having resemblances to Fhysocardia Woehrmaim and 
Pachycardia v. Hauer). 

Lima afP. altemana Bittn. 

Above this continues the series of shaly limestones, earthy shales, calcareous 
shales and hard, dark, limestone intercalations. Six hundred feet above the 
brachiopod bed, or 900 feet above the Halobia Limestone, is a bed of nodular 
limestone, 15 feet thick, forming a part of the Tropites beds. At Lilang and Tikba 
this horizon is rich in badly preserved cephalopoda including :— 

ClydoTULUtihis acutilobatua Dien., 

QermanonatUilua cf. breunneri Hauer. 

Styrionautilus cf. sauperi Hauer., 

Pieuronatitilus aff. wulfmi Mojs., 

Tropites of. subbullatua Hauer., 

„ diacobuUatua Mojs., 

„ of torquillua Mojs., 

,, aff. paraeelai Mojs., 

Paratropitea tilkhenaia Dien., 

. Trachyaageniita cf. herbichi Mojs., 

„ galeatua Dien., 

Diacotropitea aff. plinii Mojs., 

Anatomitea cf. bacchua Jfojs., 

Jovitea apectabilia Dien (said to have been found also 70 feet higher up), 

,, cf. aiculua Gomm., 

QandUngitea aff. reyeri Mojs., 

„ aff. caatdlii Mojs., 

Clionitea heracUtiformia Dien., 

Proarceatea cf. gaytani Klipat, 


^Genera peculiar to India. 
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Noric elements are completely absent from this fauna whicli is the homotaxial 
equivalent of the Alpine Tro'pitea subbulhtus zone (Tuvalic sub-stage). European 
affinites predominate and peculiar types are in the minority. 

After a further 200 feet of shaly limestone and calcareous shales come 300 
feet of dolomitic limestone which has yielded a few badly preserved fossils with 
Carnic affinites, belonging also apparently to the Tuvalic sub-stage. 

Brachiopoda— 

Dielasma julicum Bittn., 

Terebratula aif. piriformis Suess, 

Spriferina aff. ehalshalensis Bittn. 

Lamellibranchiata— 

Lima cf. austriaca Bittn., 

Halobia aff. superha Mojs, 

Daonella afif. styriaca Moj». 

Carnic of Garhwal. —The thinning-out eastward noted in the MiddlelTrias 
is more marked in the case of the Carnic stage which in Painkhanda is only some 
825 feet thick, little more than half of what it is in the Spiti area. In Painkhanda- 
the development of the Carnic stage is more uniform and there are fewer distin¬ 
guishable stratigraphical horizons. Corresponding to most of the 150 feet of 
Halobia Limestone in Spiti is the Traumatocrinus Limestone, barely 10 feet thick, 
separated from the Ptychiles zone of the Upper Anisian by an insignificant tuickness 
of beds wnich, as already mentioned, may represent the Ladinian and are exposed 
in the Shalshal and Bambanag cliffs. The Julian age of the limestone is indicated 
by its rich fauna) in which European affinites are strongly marked : 

Crinoidea— 

Traumatocrinus sp. 

Brachiopoda—• 

Athyris (Spirigera) hunica Bittn., 

(Retzia) aff. ladina Bittn., 

Aulacothyris nilanyensis Bittn., 

Rhyn>chonella rimkinensis Bittn., 

Austriella aff. middhnniasi Bittn., 

Norella kingi, var. tihciica Bittn. 

Lamellibranchiata-—< 

Daonella indica Bittn., 

„ aff. obligua Mojs., 

Avicula aff. seisiana Broli, 

Fecten aff. subalternans Bittn., 

Beminajaa cf. woehrmanni Waag. (belonging either to the Tridoniidae (Myophoria) or, 
according to Zittel, to the Cardinitdae), 

Cephalopoda— 

Proclydonautilus cf. budhaicus Dien., 

Qrypoceras rimkinense Dien., 

„ stirlingi Dien., 

^Joannites cymbiforrnis Wulf, 

„ klipsteini Mojs., 

„ kossmati Dien., 

,, mojsvari Dien., 

*Proarcestea cf. ausseanus Hauer, 

^Lobites (Coroceras) cf. delphinocephalus Hauer, 

„ „ valdecucullatus Dien., 

*Monophyllites cf. simonyi Hauer, 

„ {M(^svarites) agenor Muenst^ 

^Identical with or cloesly allied to European forms. 
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Cephalopoda— 

Juvavites (Anaiomitea) ap., 

^liculiteB cf. Aemt Mma, 

CdUUa eontraeiiftona Dien., 

*Camites of. Jlondug Wulf., 

^PladUB of. jpAydaetyhu, yav. oldhami Moja., 

Rimhinites nitienais Moja.^ 

», ednumdi Moja.* 

Arpaditei rimkinenais Moja., 

,, {Dittmaritea) cf. circumaeiaaua Hoja., 

f, t> akSAadion Dittm., 

CUonites afF. dorae Moja., 

^Trachyctraa auatriacum Moja., 

*> tf vai^. tibetica Moja., 

Proitachyuraa aff. arion Moja., 

>f ap. (group of furcoaa), 

Sirenitea coohi Dien., 

Oirthicercta pemodoaum Dien. 

Above the Traunutocrinus Limestone is a thin limestone whicn is interestinS 
in that it is the highest horizon to which Daonella indica reaches ; in it have been 
found: Athyris (Norella) Jsbigi, N, tibeteica, Spirigera konica, Auhthyris 
nUangensia and DaoneUa indica. 

Succeeding this limestone is a thick sequence of dark, calcareous shales and shaly 
limestones, between 650 and 800 feet thick, well exposed in the clifis of Shalshal 
and Bambanag. Cephalopoda and bivalves occur throughout, more especially 
in the lower beds. DaoneUa is replaced by species of Hahhia of the rugosa group, 
JET. cofnata being a very characteristic form. The following fossils, most of them 
collected fromLauka, between Uttardhura and the Girthi valley, have been deter- 
mined, the brachiopods by Bittner and the cephalopods by Mojsisovics,' and to 
them must be added several specifically indeterminable forms belonging to the 
genera, Juvavites ^ Sagenites, Sty rites, Tibetites, Paracladiscites, Megaphyllites 
Proarcestes and Clydonautilus, 

Braohiopoda— 

Spiriferina ahdlahalenaia Bittn., 

Retzia achwageri, var. aaiatica Bittn., 

Rhynchonella laueana Bitten. 

Lamellibranohiata— 

JSalohia comata Bittn., 

„ faacigera Bittn., 

Avicula girthina Bittn., • 

CaaaianeUa sp. 

Cephalopoda— 

Plearoiiwutilua tibeticua Moje 
Jovitea aff. dacua Mojs., 

DMCOlfoptte^ aff. jpltnu Mojs., 

Juvavitea cf. ionhinenaia Dien., 

Anatomitea bambanaganaia Moje., 

„ euganii Mojs., 

,, caroli Mbis., 

Oraiabaehitaa^ Hanni Mojs., 

pta^aa aff. p^auetna Mojs., ^ 

„ fKdydactyhta Mojs., var. Mkami Moja, 

Msjavantea augyrua Mojs., 

PiHhopkyUiUa s6nertMoj8. 

This thick sequence, together with the thin limestone below it, must also be 
included in the Julian sub-stage. 


. t Pal. Jnd. Sar. XV, Vol. IH, Pts. 1 and 2 (1899). 
*Ideatioa} with or closely allied to European forma. 
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U|mr Trias of Byaos. —In Byans, the Upper Trias is so crushed and dis¬ 
turbed and most of its fossil horizons are so little known that its sub-division has 
not been made in the same detail as it has in the case of Johar, Painkhanda and 
Spiti. From the Upper Trias of the latter localities the Byans sequence differs 
‘Considerably. The Garnic stage appears to be represented by the upper part of 
the blue grey limestone, the lower portion of which has yielded Mushelkalk fossils^ 
but from the top-most bed, the famous ^^Tropites Limestone”, has been collected 
nn unusual association of Carnic and Noric fossils. Of the 250 feet of this blue 
grey limestone Diener has estimated that 170 feet belong to the Carnic stage, a 
snmll figure when compared with the 825 feet in Painkhanda and the much greater 
thickness in Spiti. The following fauna from the Tropites Limestone has been 
described by Professor Dienei and is the richest fauna so far found in the 
Himalaya^:— 


3raohiopoda— 

Rhi/fhohonella angulifrons Bittn. 

Lamellibranohiata— 

Halobia cf. faaoigera 
,, of. cprtMta Bittn., 
AvioulasiS^eaudata Stopp., 

„ aff. tofanece Bittn. 

Cephalopoda— 

Atractites cf. ^llipticus Mojs., 

,, of. conoergens Hauer, 

Orihoceraa cf. triadioum Mojs., 

,, cf. dubium Hauer, 

Orgpoceras aif. meaodicum Hauer, 
Proclydonautiluagrieshmihiformis Dion., 
Pinacoeeras parma Moja., 

,, metterni chi i Hauer, 

,, of. rex Mojs., 

,, beecheri Dion., 

Placitespolydaotylua Mojs., var. oldhami 
Mojs., 

„ aff. peratictua Mojs., 
Bambanagitea kraffti Dien., 

Camitea of. floridua Wulf, 
Monophylliteajarbaa Muenst., 
Diacophyllitea ebneri Mojs., 
Arceaieaiicerua Mojs., 

„ bicomia Hauer, 

,, aubbicornia Mojs., 

Proarceatea cf. gaytani Klipst., 

,, aff. zitteli Mojs., 

„ of. aturi Mojs., 

,, aff. auhlabialua Mojs., 

JStenarceatea aff. ployaphinctua Mojs., 

,, aff. aubumbiliotUua Mojs., 

Cladiacitea cf. neortua Mojs., 

,* aff. moroaua Mojs., 

Lobitea cf. dlipiicua Hauer, 

Helicititea of. genicviatua Hauer, 

,, of. auhgenicu^ua Mojs., 

„ aff. beneckei Mojs., 

„ eanningi Dion., 

Phormeditea faaeiaiua Dien., 

,, aff. juvavicua Mojs., 

BuehiUa of. hilaria Mojs., 

,, emeraoni Dien., 


Cephalopoda— contd. 

Thiabiteameleagri Mojs., 

„ fonaldahayi Dien., 

,, campbelli Dien., 

Parathiabitea cf. acaphitiformia Hauer, 
,, cf. Mojs., 

,, windhami Dion., 

,, nodiger Dien., 

JellinekUeabarnadt Dien., 

„ aaunderai Dien., 

,, hoveyi Dien., 

Arpaditea taaailo Mojs., 

Dittmaritea rawlinaoni Dien., 

,, aff.//Z^‘Gumb.. 

,, trailli Dien., 

,, traillifof mi a Dien., 

9 , iaragadhenfiia Dien., 

Tfachypleuraapiditea griffithi Dien., 

„ maaaoni Dien., 

Steinmannitea cf. lubbocki Mojs., 
Dapknitea aff. ungeri Mojs., 

Dionitea aff. caeaar Mojs., 

DrepaniUa achucherti Dien. 

,, eaatmani Dien., 

,, aff. tmrayaa Mojs., 

Cyriopleuritea freahfieldi Dien., 

,, aff. aggippinae Mojs., 

Tibetilea cf. ryalli Mojs., 

Anatibetitea kelvini Mojs., 

„ hobaoni Dien., 
Paratibetiteaadolphi Mojs., 

„ cf. brrZranof Mojs., 

,, cf. geikiei Mojs., 

,, aff. tornguiati 

„ wheeleri Dien., 

Acanthinitea hogafii Dien., 
HimavaiUea walaoni Dien., 

Polycyclua henaeli 0pp., 

Clionitea gracilia Dien., 

,, aff. hugheai Mojs., 

,, aff. aberfana Moj s., 

,, aff. dolloanua Mojs., 

,, ataurUoni Dien., 
Pfotrachyeeraa anaoni Dien., 
Sandlingitea cf. oribaaua v. Dittm., 

„ pearaoni Dien., 

„ tuckeri Dien., 

,, aff. arehibaldi Mojs., 


1 Pal. Jnd. Ser. XV, Vol. V, Mam. 1 (iOC6). 
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Cephalopoda— contd, 

Sirenitestfochyceratoida Dien., 

,, alf. kohanyi Mojs., 

,, pamphagua v. Dittm., 

,, agriodua v. Dittm., 

,, cf. argonautae Mojs., 

9 t argonautaaformia Dien., 

,, cf. dianaa Mojs., 

,, evae Mojs., 

,, alixia Dien., 

,, vredenhurgi Dion., 

Anaairanitea cf. mendaua Mojs., 

»» greeni Dien., 

Diatichitea aollaai Dion,, 

9 9 falconeri Dien., 

,, aif. megacanthua Mojs., 

aif. celticua Mojs., 

,, aif. atropua v. Dittm., 

,, aif. m/710.9 Mojs., 

,, cf. harpalos v. Dittm., 

,, younghuahanii Dieu., 

„ reynoldai Dien., 

,, ectolcitiformia Dien., 

Eotolaitea hollandi Dien., 

„ arietiformia Dien., 

„ duncani Dien., 

9 , Biff, hochaletteri Mojs., 

Xaculiiea amHhHT^ion.^ 

99 Asm/Mojs., 

„ aif. oholinua v. Dittm., 
Haloritea aif. procyon Mojs., 
JovUea daciformia Dien., 

,, apectabiliaWion,, 
Oonionotiiea gemmellaroi Dien., 


Cephalopoda— contd. 

Parajumviteajacquini Mojs., 
Anatomiteaapecioua Dien., 

,, of. craaaepl icatua Moj s., 

,, cf. Mojs., 

,, cf. theodori Mojs., 


,, hereafordi Dion., 

Didymitea ^eciusMojs., 

,, kitchini Dion., 

,, a.f£. quenaledtiM-ois,, 

9 9 aff. auhglohiia Mojs., 

Metaaibiritea philippii Dion., 
Diacotropitea kra^ti Dien,, 

9 , mojaiaovicai Dien., 

„ cf. aandlingenaia Hauer, 

Marpantea cf. auctm v. Dittm., 

„ georgi Mojs., 

,, cf. cirettmapinatua Mojs., 

,, auahena Dien., 

,, devaaena Dien., 

Tropitea suhhuUatua Mojs., 

,, cf. fuaobullatna Moj s., 

,, cf. diacobullatua Moj s., 

,, estel/ae Mojs., 

,, aff. acutangulvs Mo j s., 

,, toodani Mojs., 

,, cf. paracelai Mo j s., 

,, Jalandhar a Dion., 

„ nmnaaa Dien., 

,, kalapanicua Moj s., 

Anatropitea nihalenaia Dion., 

,, margaritiformis Dien., 

Paratropitea Iilinthicua Dien., 
Tropiceltiea arietitoidea Dien., 


From a bed occupying a stratigrapbical position more or less equal to that 
of the Tropites Limestone, and cropping out near Kalapani in the Upper Kali 
area, Heim and Gansser have collected many fossils, among which Professor 
Jeannet has recognised the following additional forms^:— 


Lamellibranohiata^ 

Halohia atyriaca Mojs. 

Cephalopoda— 

Dimorphitea sp., 

Anatomitea cf. brocchi Mojs., 

Molengraaffitea of. compreaaua Walt., 

Styritea cf. aignatua y. Dittm., 

Paratibetites anguatiaellatua Mojs., 

Haueritea cf. rareatriatua Hauer, 

Metacarnitea sp., 

Sirenitea cf. elegana Mojs., 

Oladiacitea cf. puatllua Mojs., 

Areeatea cf. piae Dion., 

Oymnitea sp., 

PaUsitea aakuntafa Mojs., 

ProelydonauHlua of. aeutilobatua Dien. 

Correlation of the Tropites Limestone.— Of the 155 species of cephalopoda 
in the Tropites Limestone many are identical with members of the Upper Triassic 
fauna of the Mediterranean, and the bulk of the remainder are closely allied to the 
same. The relationship to the Mediterranean is thus very strongly marked. 
The Tropites Limestone has many important types in common with the zone of 
TrojnUs subbullatvs in the Carnic stage of the Alps, but there is at the same time 


A Denkach. d. Sehwiz. NAt. Oeadla. Bd., LXS;iII, 111 (1939). 
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a Koric element cf almost equal importance in the limestone, many of the ammo¬ 
nite species being identical with or closely allied to species from Hallstatt Lime¬ 
stone of the Alps or the Halorites Limestone of Painkhanda. The absence of 
transitional forms makes it difficult to regard the limestone as a Carnic-to-Norio 
passage bed, and Diener’s suggestic on that the close association of the two faunas- 
may be due to a cessation of sedimentation, seems more acceptable. In this case, 
the thinTropites Limestone, which is not more than three feet thick, would be re¬ 
presented in the Painkhanda area by the upper portion of the beds with Halobia 
comata, the nodular limestone following, and'the Halorites beds above that, while- 
in Spiti its equivalent would be the Tropites Shales, the Dolomitic limestone witJi 
Lima cf. ausUica, and the Juvavites beds, a succession totalling some 1,400 feet. 

Lower Noric of Spiti. —Following conformably upon the Dolomitic lime¬ 
stone, which forms the uppermost portion of the Carnic stage in Spiti, are the- 
Juvavites beds or lower subdivision of the Noric stage. In the Lilang section 
they are exposed as brown-weathering limestones alternating with sliales and 
sandstones, totalling about 500 feet; the topmost beds are concretionary lime¬ 
stones. Cephalopods, especially ammonites of the genus J'mavites arc common 
in the upper portion of this sub-stage. The fauna of the Juvavites beds com¬ 
prises tile follwoing :— 

Brachiopoda— 

DUlasma Bittn. 

Lameliibranchiata— 

Halohia m^^fascigera Bittu., 

Pi5cten'*Vatiamufiiiim"^ margarlticoatatus Dien., 

„ aff. monilijema Muonst., 

Lima cf. aertalicoata Bittn., 

Homoimja aff. larianac 8topp., 

Mytilua aff. rngoaus Boom., 

Mysidi optera sp. 

Cephalopoda— 

Atractitea cf. alveolar la Quenst,, 

Paranautilua arceatiformia Dion., 

Pleuroiiautilua afi, koasmati Dien., 

,, cf. tibeticaa Mojs., 

JndonautHua cf. kraffti Mojs., 

Diltmaritea lillilformia Dion., 

,, cf. trailliformia Dion., 

Clionitea cf. hugheai Mojs., 

Metacarnitea footei Dion., 

,, fienderaoni jyien,, 

Pinacoceras aff. panna Moj?., 

Tibetitea cf. ryalli Mojs., 

Awitibetitea kdvinlformia Dien., 

Paratihetitea iornquiati Mojs., 

,, aff. wheeleri Dion., 

Juvavitea angnlatua Dien., 

,, aff. ehrlichi Hauer., 

Anatomltes Q,f£, melchhria Mojs., 

„ aff. carooi Mojs., 

„ aff. dlphonai Mojs., 

Lower Noric of Garhwal. —In Painkhanda the Lower Noric is represented 
by_ 70 to 100 feet of nodular limestone containing Proclydonautilus gries^ 
bachii followed by 200 feet of the so-called ‘‘Halorites beds*’. From the com* 
plex of nodular and slaty limestone at the base have been obtained a few 
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badly-preserved cephalopods, of whicn only one lias been fcund worthy of a 
specific name ; the following is a list of this unsatisfactory fauna:— 

Brachiopoda— 

Mhynchonella bambanagenais Bittn. 

^Cephalopoda— 

Prodydonautilaa grUahachi Mojs., 

Pinawaraa alf. imperator Mojs., 

{Haneritea) matacarnitea sp., 

Areeatea sp., 

SaganiUs sp., 

Juvavitea sp., 

Parajuvavitaa aff. jacquini Moj s. 

The Halorites Beds, on the other nand, include a limestone with a rich fauna* 
•of cephalopoda, predominantly ammonites, with a few rachiopods and lamellih 
branchs. The Halorites Beds are composed of black calcareous shales with inter- 
^calations of dark limestone, and it is from one of the latter about 180 feet from 
the base, known as the Halorites Limestone and traceable from Johar to Pain- 
khanda, that the Ipllowing fossils have been obtained, most of them from the 
Bambanag cliff where the cephalopoda are especially abundant 

Brachiopoda— 

Rhynchondla hamhanagenaia Bittn. 

Xaittollibranchiata— 

Halobia aff. comata Bittn., 

Lima aarraticoata Bittn., 

Anod4)niophoragfieaba4ihiR\%ii^ 

■Cephalopoda— 

Hahritea aapphonia Moj 8., 

,, proem Moj8., 

„ charaxi Mojs., 

,, phaonia Moja., 

,, aUcaci Moja., 

,, trotteri Dien., 

„ altarnana Dion., 

AfuUomitea aff. aciaaua Moja., 

Parajuvavitaa blanfordi Moja., 

„ lauMuua Moja., 

„ atarbargi Moja., 

,, faiatmantali Qrioab. 

,, jacquini Moja., 

,, tynAalli Moja., 

,, ranardi Moja., 

„ ludolfi Moja., 

„ minor Moja., 

„ hrintmi Moja., 

„ buddhaicua Mojs. 

, • atoliezkai Moja., 

Thetiditea guidonia Mojs., 

„ huxlayi Moja., 

Orieabaehitaa jandianua Mojs., 

Martolitaa kraffti Dion,, 

Tibetitea rycdli Mojs., 

,, murchiami Moj^s., 

„ parrin^amithi Mojs*, 

A natibetitea kalvini Moj s., 

I B. V. Mojsisovios. PoZ. /nd. Bar. XV, Vol. Ill, pt. 1,1^2 (1899); 0. Diener. Rae. XXXIV, 
1(1906). 
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Cephalopoda—confdf. 

ParatibetiUs bertrandi Mojs., 

„ geikUi Mojfl.y 

,f adolfi Mojs., 

,, angustiaelkUus Moja., 

tornquiati Mojs., 

Hdictitea atolanto Mojs., 

DiUmat ites hindei Mojs., 

*Dwnite8 of. asbolua Moja., 

Steinmannitea deaiderii Mojs., 

,, dionitoidea Mojs., 

,, noeUingi Mojs., 

„ undulaiostriaiua Mojs.^ 

,, luhhochi'i&oie,^ 

Glimitea looodwardi Mojs., 

,, aalteri Mojs., 

,, ahertana Mojs., 

,, apinoaua Mojs., 

,, hugheai Mojs., 

Sireniiaa richteri Mojs., 

,, elegana Mo}8., 

,, elegajUiformis Dien., 

SandJti igitea nicolai Mojs., 

,, archibaldi Mojs., 

Arecstea leomtrdi Mojs., 

*Plnacoceraa metternichi Hauer, 

* „ parmaTAo]^., 

* ,, poHpartna M. 0 } 8 », 

Bambanagitea die.ne.ri Mojs., 

,, achfagintweiti Mojs., 

Placitea aaknutala Mojs., '' 

Pamnautilm hamhanagensia Mojs., 

IndfmmXilna harffti Mojs., 

Glydonautihia hitmgularis Mojs. 

From an horizon which appears to correspond to the Halorites Beds, Heim 
an Gausser have collected an assemblage from the Kalapaui area among which 
Jeaixuet has found the following forms additional to those listed above 

Cephalopoda— 
laculitea sp., 

Juvavitea sp., 

An,atmiiite.a cf. craaae.plicatua Mojs., 

Metaaibiritea cf. apineacena Hauor, 

MHites sp., 

Cycloceltites sp., 

Cyrtopleurltea herodoti Mojs., 

Proarceatea sp., 

DiacophyllHea sp., 

Megaphyllitea sp., 

Orthoceraa sp. 

In this locality, Monotis salinaria Broun, was found in the overlying shales.. 
The fauna of the Halorites Beds is not without affinites with the Middle Noric 
(Alaunic) of Europe, but the preponderance of Lower Noric (Lacic) elements 
leaves no uncertainty as to its age. It shows no close affinity with the beds of 
similar stratigraphical position in Spiti and the two areas have evidently develop, 
ed local pecularties which contrast with the uniformity of the Anisian succession. 

Both the Halorites Limestone and the older Dolomitic Limestone are wanting 
in the more eastern sections of this region. 

^ Denkach. d, Schweiz, Naturf, Qeaella, Bd. LXXXIII, 111 (1930). 

* Found in the Halastatt Limestone of the Alps. 
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Middle Noric of Spiti and GarhwaL— The lowest sub-stage of the Middle 
■ Noric in Spiti lies conformably upon the Lower Noric and consists of calcareous 
sandstones with plant remains at the !>ase and about 100 feet of limestone above. 
In places the latter is full of the remains of crinoids and corals, but this is not a 
constant feature and the only two fossils so far identified in it are the brachiopods 
Spiriferina griesbachi Bittn. an Rhynchomlla hambanagensis Bittn. In the 
Bambanag section of Painkhanda the place of this sub-stage is filled by 320 feet 
of compact, often dolomitic or micaceous limestones, rich in brachiopods and 
bivalves; here also Spififerina griesbachi is the characteristic fossil, the complete 
fauna as known being : 

Brachiopoda— 

Spiriferina griesbachi Bittn., 

Athyria (Retzia) schwageri Bittn., 

Athyris (Spirigera) deineri Bittn., 

Amphiclina sp., 

Rhynchoridla bambamgensis, Bittn., 

„ martoliana Bittn., 

Aulacothyris joharenais Bittn. 

Lanxellibranohiata— 

Lima cutnaunica Bittn., 

Pecienhiformaius Bittn., 

,, inierruptua Bittn., 

Anodontophora griesbachi Bittn., 

Oaaaianella pidclMa Bittn. 

The “Coral Limestone” in Spiti is overline by the “Monotis Beds” consist¬ 
ing of flaggy sand^'itones alternating with balck splintery shaly limestones and 
sandy shales, the total thickness of the succession amounting to about 300 feet; 
the following fossils, including the characteristic bivalve, Momtis salinaria have 
been collected from these beds:— 

Brachiopoda— 

Spiriferina griesbachi Bittn., 

Athyria (Spirigera) dieneri Bittn., 

Aalacothyria joharemia Bittn., 

Rhynchonella bambamgcnaia Bittn. 

Lamellibranchiata— 

Monotia salinaria Sohlotb. (found also in the Pamirs, at Pishin in Baluchistan in the 
islands of Borneo and Ceram (Sirang), and in other parts of the world). 

Anodontophora griesbachi Bittn., 

Pecten (Amtbsium) imrgariticoatatua Dion., 

„ aff. maaaolongi Stopp., 

„ aff. monilifertis Maonst., 

Lima of. aerraticoata Bittn., 

Pleuromya himaica Dien. 

Cephalopoda— 

Trachypleuraapiditea aff. griffithi Dien. 

In the Painkhanda area the equivalents of the Monotis Beds appear to be 
130-160 feet of liver-coloured limestones in which Anodontophora griesbachi is 
particularly common the only cephalopod found is a fragmentary ammonite 
belonging to the genus Sagenites. 

The highest sub-stage in both Spiti and Painkhanda consists of a very character¬ 
istic sequence of white and brown quartzites with interbedded limestones and 
shales, about 300 feet thick in Spiti and 260 feet in the more eastern area. The 
whiteness of the quartzite bands gives rise to a conspicuous scenic feature and is 
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distinguishable at great distances. In Spiti, three main layers of quartzite can 
be made out, the limestone intercalations occurring in the lower part of the 
sequence and the black shales towards the top. The characteristic fossil is Aihyris 
maniensis v. Ivrafft. and is restricted to this horizon. The fauna of the quartzite 
beds is as follows :— 

Spiti. Painkhanda. 


Braohiopoda— 

S'plrigerlna grieshachi Bittn., 

Spirigara (Athyris) inanienais v. Kraift, 

,, (?) manienaiformia Dicn., 

Aulacothyris joharenaia Bittn., 

Rhytiohomllct, hanihanagen^sia Bittn. 

Lamellibranchiata— 

jpecfewaff. monillferus Muenat., 

Lima cf. serraticosta Bittn., 

,, aff. cumaunica Bittn., 

Lower and Middle Noric of Byans. —The detailed correlation of the beds 
immediately following the Tropites Limestone in Byans is a little obscure, but 
there are 1,000 feet of greenish black shales with sandy bands which there is good 
reason to believe corresjmnd more or less to the Lower and Middle Noric espe¬ 
cially as they are followed by the Megalodon Limestone a bod found both in 
Spiti and in Painkhanda. In them the genus Arcestes has been identified but 
most of the ammonites arc indeterminable. 

Upper Noric. —In spiti Painkhanda and Byans the Middle Noric is succeed¬ 
ed by a great thickness of well-bedded limestones and dolomites too uniform 
for lithological subdivision and too poor in fossils for any detailed faunistic sub¬ 
division. This sequence constitutes the Kioto Limestone. In Spiti there are 
about 2,300 feet of these beds the uppermost portion of which includes a band 
with Middle Jurassic fossils. At about 930 feet from the base i.e. from the 
Middle Noric quartzite specimens of Spiriferina cf. ohtusa have been collected 
and are thought to indicate a Liassic age. It may be assumed therefore that a 
little over 900 feet of these limestones and dolomites represent the uppermost 
horizons of the Trias and the whole of the Rhaetic ; Rhaetic fossils arc entirely 
absent but Upper Triassic types have been found at two horizons one about 
50 feet up from the base and the other between 200 and 300 feet above the same 
datum-line. In the lower of these two horizons—a limestone some 20 feet thick— 
have been observed immense numbers of Megalodon ladakhensis Bittn. and Dicero- 
cardium himalayense Stol. this is Stoliczka*s “ Para Limestone ”, a very 
characteristic rock when polished by ice or running water sections of the two 
bivalves preserved in calcite standing out clearly in fantastic patterns from the 
dark grey matrix.^ In the upper horizon the following have been identified: 
Athyris noetlingi Bittn., Spiriferina of. haueri Suess, Lima cumaunica Bittn., 
Pecten chabrangensis Dien., P. aff. landranus Bittn., Pecten (EntoUum) cf. Sub^ 
dimissus Muenst and Megalodon ladakhensis Bittn. A white dolomitic band, 
30 feet thick, is a conspicuous feature in several sections but has yielded no fossils 


Brackiopoda— 

A thyria (Spirlgera) cf. noetlingi Bittn., 
,1 ,, dieneri Bittn., 

A alacothyria joharensia Bittn. 

Lamellibranchiata— 

Pecten inteeruptua Bittn. 


1 0, Diener. Mem. XXXVI, pt. 3,99 (1912). 
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In Fainkhanda there is the same lack of boundaries. Between, the Middle 
Noric quartzite and a zone of thin-bedded limestones with many bivalves of Liassio 
affinites, occurs a mass of limestone, 1,800 to 2,000 feet in thickness, which must 
represent the Upper Noric and Bhaetic this limestone has yielded sections of 
Megaiodon even in its topmost layers but the species is indeterminable. 

The same thick limestone sequence is found in Byans, straddling the Upper 
Noric and practically the whole of the Jurassic including the Bhaetic, and over 
lain by the Spiti Shales (Upper Jurassic or Neocomian) the basal portion is tho 
Megaiodon Limestone of the other localities. 

NEPAL. 

That the fossiliferous Trias extends into Nepal is probable , from the Triassic 
affinites of two fossils from Mukhtinath, north of crystalline peaks, Halobia oL 
charleyana Mojs. and Ptychites sp. (section nigiferi).^ 

EXOTIC BLOCKS FROM TIBET. 

To the northeast of Milam, in the old Malla Johar district and the adjoining 
portion of Tibet, a facies of the Trias differing lithologically and, so far as the 
Upper Triassic is concerned, faunistically, from that characterising the belt just 
described, occurs in certain exotic blocks which, it is surmised, have come from 
some locality further north. The mode of occurrence and origin of the latter 
will be discussed in the final chapter on he Himalaya. Some of these blocks 
belong to various stages of the Trias. 

The Lower Trias is represented in a block near the Kiogarh-Chitichun Pass 
(17,900 feet), one labelled No, 20 on Dr. Krafft’s map the fossils therefrom in¬ 
clude the following indifferently preserved cephalopods:— 

“Jfeeikoccrflw** joharense v. Krafft (predominant form),* 

,, infrequeiM v. Krafft, 

, jdinken^e v. Krafft, 

**Xenodiacu8*' (? Anakashmiriiea) cf. nivalsi Dieti. 

Hedenstrmnia cf. byanaica v. Krafft. 

The fauna is that of the Lower Trias of Spiti and Painkhanda, but the rocks 
differ lithologically and comprise tliin-bedded, earthy limestone, dark red in colour 
with a few grey layers.* In the Chitichun (Chirchun) area there are no blocks 
of this age. 

Blocks of Anisian age show the same lithological contrast with the Spiti and 
Painkhanda rocks. The “Middlemiss Crag’’for instance, east of “Chitichun 
No. 1 ” is made up of several blocks of red, or red and white liniestone ; surrounded 
on all sides, by crushed and disturbed Spiti Shales, and including occasional layer 
of a red crinoidal limestone whicli lias yielded some very small gastropods and 
bivalves and the following fauna 

^Oeratites {DanuUtes) kansa Dien., 

„ „ ambiha Dien. 

**8ibiritea*'pandeaDien,, 

iC.Diener. XXXVI. pt 3,160 (1912). ~~ 

* A. Von Krafft. ifew. XXXII, 14 (1902). 

* According to Dr. L. F. Spath, the genus Meekoceras eenua stricto does not oeour in India. 

A A. Von Krafft. ifem. XXXII, 141 (4902). 

* As before. Dr. Spath’s emendations are given in squarbrackets. 

* spiti and Painkhanda forms. 
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* lionophyllitea eonfudi Dien., 

* M [Leioph^itealpra^twM Die^., 

* „ iLeiophyllUiei\pitafnaha J>ien., 

* „ (Ussuritea) Kara Dien. [Sophyllites refractus 8path,] 

* „ (U88urite8)i%ng% Dien. [Us8urite$(DdeeipienaBptkt\klf 

Procladiacitea yaaoda Dien., 

Xenaapia [T LeiophyUitea] middlemiaai Dien., 

*Japomtea ugra Dien., 

Siuria fmanqdica Dien., 

Orthocemaap. 

This fauna is very close to the zone of Spirifenna stracheyi and like it, shows 
no marked affinities with the Mediterranean equivalent. Two other blocks belong¬ 
ing to the same horizon have been recorded in the Chitichun region, one in the low 
pass west of Chitichun No. 1 ’’ and the second north of LochambeMd-chak, near 
the pass leading into the Chaldu valley.^ 

The dark red, highly ferruginous limestone of Exotic Block ** No. 1 ” south 
east of the peak of Balchdhura II, has yielded Daanella indica Bittn. and Hahbio 
"sp. and may represent the Lower Oamic or perhaps the Ladinian. 

An exotic block of Carnic age, with the ammonite Jovites aff. hoanemia Mojs.‘ 
composed of red marble, has been found near Sangcha Talla camping ground. 

Two blocks of Middle or Upper Camic age have been noted in Malla Johar* 
One of these, a very small one near Mall Kiogarh camping ground, No. 5 ” of 
Dr. Von Krafft’s list, consists of much-altered red limestone, with fragments of 
Carnitea sp. and Proarcestea afi. auaaeanfia Bauer. From **No. 2” a bright red 
marble almost indistinguishable from that of the Balstatt limestone, situated 
about a mile northwest of Balchdhura, has been collected the richest fauna of all 
the blocks — 

Gastropoda— 

Loxonema (Polygirina) of. aUgana Hoorn., 

Sagena of. geometrica Kok., 

Capulua {Phryx) joharenaia Dion., 

Naticopaia aif. obvcUlata Kok. 


Cephalopoda— 

Dictyoconnitea aff. hmeri Mojs., 
ProdydonatUiUta triadicua Mojs., 

„ buddhaicua Dien., 

Qrypoceraa awaaiforme Dien., 
Mojaffaroceraa aff. tumeri Hyatt & Smith, 
Cladiaciiea eraaaeatriatua Mojs., 

„ of. gorgiae Gemm., 

„ of. eoraeia Gemm., 

„ ot.puaillua'M.ojB., 

Hypocladiaciteaaubcarinatua Gemm., 

„ sti6afei<iMMoJs., 

Arceateaperiolcua Mojs., 

„ of. richihofani Moje. 

„ aff. deetpiens Mojs., 

„ of. placania Mojs., 

Proareeatea yaytani Klipit., 

„ of.attMeofiiMSbuer., 

„ aff. barrandei Lbe., 

Dia&)phffiliieaJlaweriDiiaitL, 


iO.Dieiier. Jfsiii., XXXVl, 134 (1912). 
*Spiti and Panlkhanda fond*. 
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Cephalopoda— wM. 

Pinacoeeras aff. rex, Moje., 

PlaciUe of. perauctua Moje., 
DiaeotropUea of. aandlingenaia Hauer., 
Tropiiea of. aMMatua Hauer., 

„ aff. octtlan^ue Moje., 

„ aff. leodant Moje., 

AwUropiiea of. apinoaua Moje., 

„ pilgrimi Dieu>, 
MxrgiuriUairregidarieoatatua Dien., 
Jovitea of. apectabilia Dion., 

„ daciformiaDietk,, 
Juvaviteakraffti Dien., 

,, dogranua Dien., 

,, aff. avbifUerrupiua Moje 

nieeDien., 
:oj6.. 


of. kaatneri 

AnatomiteaAff. oamtHtMoje., 

N „ aff. henrici Moje., 

„ aff. critaaeplieatua Moje., 

OonionoiUea of.italicua Gomm., 
Tibetitea bJudenaia Dien., 
Aidacoceraa ef.timorenaia Wanner.^ 


In this block are the homotaxial equivalent of both the Middle and Upper 
Catnio and their affinites with the Alpine development of these subdivisions are 
in fact closer than they are with the ^iti and Painkhanda assemblages. Litho¬ 
logically, the resemblances to the red Halstatt marble are so marked that the two 
rocks are almost indistinguishable; with the dark shales and limestones of Spiti 
and Painkhanda there is no resemblance. Arcoetes and CladisdteSy two genera 
which are rare in the Carnic of Spiti and Painkhanda, preponderate in the exotic 
block ‘‘ No. 2 ** while no less than 19 species in the latter are identical or pro¬ 
bably identical with forms in the Mediterranean province. 

A conical block (Block 8) of yellowish grey dolomitic limestone to the east of 
Ghitichun 1, is like the rock forming the upper beds of the Upper Trias of the 
Shalshal cliff further south, but has yielded no fossils. 


SOUTHERN TIBET. 

In view of the eastward thinning of the Trias when traced from Spiti through 
Painkhanda into Byans, it is interesting to find indications of this system, doubtful 
though they are, in that small tongue-like projection of Tibet which extends 
southwards between Sikkim and Bhutan. Here, to the south of Phari Dzong, 
crops out the Dothak series of Efayden, cut oh to the west by the large fault which 
coincides more or less with the Ammo Chu, and by it separated firom the sub- 
metamorphic Khongbu series. On the south, the Dothak exposure is in contact 
with the Chumbi granite, the sediments along the boundary showing evidence of 
contact-metamorphism; to the north, the curved belt of the Dothaks dips under 
the Jurassics of the Phari plain. 

The beds consist of limestone, which predominates and forms steep cliffs 
at Dothak and in the neighbouring ridges, and in addition sandstone, quartzite, 
slate and shale*. Since the series is several thousands of feet in thickness and, 
like the Kioto Limestone of Spiti, extends up into beds believed to belong to the 
Lias, it very probably includes beds of Triassic age and perhaps part of the upper¬ 
most Palaeozoic. Casts of ammonites in a thin band of quartzite and a few frag- 

^Denkacha, d. Schweiz, Naiwf, Cfaaadla. Bd. LXXIH, Abt. 1, p. IdO (1939). 

•Mem, XXXVI. Pt. 8.20-21 (1907). 
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ments of bivalve shells in an indurated slate, near the middle of the group, are 
the only fossils so far found ; all of them proved to be generically indeterminable. 

Some distance to the west of this exposure, the Trias is probably again re¬ 
presented in the snowy range which runs from Chomiomo (Chomoyumo) west¬ 
wards to the Nepalese frontier and forms the northern boundary of the Lhonak 
valley. In streams flowing into the Yarn, boulders of dark grey limestone have 
been observed much resembling the Kioto Limestone of the more western parts of 
the Himalaya, but have so far yielded no fossils, 

MOUNT EVEREST AREA. 

A limestone series, occurring disconnectedly between the crystalline complex 
of Mount Everest and Gaurisankar (Chomo Tsering) and a thick shale formation 
the bulk of which is Jurassic in age, was at first thought by Dr. Heron to be the 
approximate equivalent of the Kioto Limestone of the Zanskar range, and was 
mapped with a query as Permo-Trias.^ As we h^ve seen, it is doubtful whether 
these beds range above the Permian, in which case the Trias, if present in this 
area, must be represented by the lower portion of the great shale formation, up 
into which the limestones pass.^ 

SIKKIM. 

On the eastern side of Lachi hill and near the northern end of the Tso Lhamo 
and therefore north of the Great Himalaya crest-line, Messrs. Auden and Gourlay 
found dark limestones and shales containing a rich fauna of ammonoids, lamelli 
branches and branchiopods. As a result of a preliminary examination of this 
fauna. Dr. M. R. Sahni has assigned it to the Middle Trias, and has identified the 
following :® 

Brachiopoda— 

Dielaama himalayanum Bittn., , 

Retzia echwageri Bittn., 

Rhynchonella 6p. 

Lamcllibranchiata— 

Diiomlla ep., 

Ltmasp., 

Pecten sp., 

Cephalopoda— 

Ceratitea {Paraceratitea) trinodoaua Moje., 

„ „ atf. thuilUeri Oppel., 

Ptychitea aff. aumitra Dien., 

Beyrichitea (at least two new species). 

Underlying the richly fossiliferous beds are 300 feet of grey, gritty flags con¬ 
taining dubious plant remains. The whole series, for which Auden has proposed 
the provisional name of Tso Lhamo series, follows the Lachi beds (Permian) of 
Wager in stratigraphical sequence.* 

iBcc.LIV,P1.8(l922). 
p. 232. 

^Oen. Rep., Rec. 72, 21 (1937). 

*Bes.LXlX, 152(1936). 
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• KASHMOt 

Vlhl area.—Some interesting exposures of the Trias in the Vihi district of 
Kashmir, to the east of Srinagar, which have been described by Middlemiss and 
Bion, correlate closely, in respect of their lower portions, With the central Hima¬ 
layan subdivisions. Hills of Upper Trias rise from the Vihi plain and cover a large 
circular area north of Wastaiwan peak. This Upper division is separated from 
the Panjal Volcanics by a thin band composed of Middle and Lower Trias over- 
lying Productus Shales and Zewan beds (Permian), the narrow composite out¬ 
crop curving in an incomplete circle or horse-shoe open towards the Jhelum river 
on the southwest, through the villages of Mandakpal, Pastannah, Lam, Narastan, 
Nagbaran and Khunmu ; within the horse-shoe an inlier of Anisian projects from 
the alluvium at Khrew (Khreuh). 

The Lower Trias is poorly exposed, the best sections occurring at Pastannah 
and Nagbaran. In the latter area, on the northeastern side of the horse-shoe 
the Otoce/raa zone was discovered by Bion. It occurs in a layer of calcareous 
nodules 20 feet above the base of the black shales which are assumed to initiate 
the Lower Trias. From it have been collected many specimens of Otoceraa and 
almost all the other members of the Himalayan Otoceraa fauna.^ The Ophiceraa 
zone has also been recognised some 30 feet above that of Otoceraa at Nagbaran. 
In this locality the blank shales pass up, by a gradual increase in the number of 
calcareous intercalations, into about 300 feet of thin-bedded, blue limestone, 
which almost invariably weather into two well-market crags : the lower of these 
is barren of fossils but the upper, which contains’subordinate shales, has yielded 
an assemblage which is very close to the ** MeeJcoceraa ” zone of the Central 
Hixnalaya. 

At Pastannah, the Lower Trias consists of at least 300 feet of dark grey, com¬ 
pact limestone, exactly similar lithologically to the corresponding rock at Pain- 
khanda, and especially fossiliferous throughout some 50 feet of its sequence. The 
genus Otoceraa has not been found in this area, but the lowest horizons of the 
Trias are largely hidden by debris and further search may be more successful. 
The Ophiceraa zone of the Himalaya is present and has much the same fauna ; 
Xmoiiacua, however, predominates over Ophic^aa, though there are forms which 
are transitional between those two closely allied genera. The lamelibranch 
PaeudommotiSt is found in large number, often on the same slab of rock as the 
ammonoids. The fauna is undoubtdely Lower Werfen (Lower Bunter) as shown 
below, though perhaps more than one zone is represented.^ 

Lamellibranohiata— 

Paeudomonotia (Claraia) grieabachi Bittn., 

„ „ aurita Hauer (found in Alps), 

„ „ painkhandam Bittm, 

„ {Eumorphotia) ienuiatriata Bittn. (found in Bokhara), 

„ „ multifomia Bittn; (found in Vladivostok and in Bokhara), 

„ M aff. auatriaca Bittn, (species found in the Alps). 

C^halopoda— 

XanodUeua [Qlffptophieeraa'] hifMdapanna Griesb. [Olyptophieeraapaaeoei Spath], 

„ «. liaaaranaia Dien. \fllyptophiearaa mahmirieum Spath], 

Hlea. Bep, Bee. XLIV, 89 (1914)% 

*Dr,Spath*semendatioasia square brackets. 
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Cephalopoda— eoiUd* 

X 6 fiodMetee[ 6 'l 9 plephieefae]ae 9 «»eo^a<tt« Dien., 

[&ypU>phiceraa\€Atluith^ Dien., 
adUmoni Dien., 
cf.ellipticua Dien., 
eompkmi Die&., 

[? Xenodiacoidea] of. rotula Waag. (species found in the Salt Range), 
ct.ophioneua Waai,g,[Olyptophiceraa ophioidea Spath], 
cf.sitolaDienM 

Ophiceraa [Lytophicertu]aakunUblaI)ierL*, 

[Lytophkeraaliptychodea Bienv, 
iLytoph%cema]chamtunda Dien., 

[Mei^hiceraa]deiniaaum Dien.> 
cf. gibboaum GrieaJb. [? Acanthophiceraa^, 
ci.tiheticum Grieeb., 
of. medium Griesb., 

Subinyoitea"] kaahmiricua Dien. [horizon doubtful], 
amhha Dien., 

Paeudoaageceraaclavisellaium Dien., 

Orthoceraa sp. 


The “ Meehoceras ’’Zone has also been identified at Pastannab containing a 
similar fauna to that found at the same stratigraphical level in the Guryul ravine 
(see below). 

At Narastan there is a continuous section from the sandy Productus Shales up 
into the thin-bedded, dark grey, Lower Triassic limestones, which are similar 
lithologically to the Pastannah rock and higher up contain numerous traces of 
ill-preserved ammonoids; the genus OpMceras has not been recognised here. 
The Lower Trias is doubtfully exposed at Lam. 

A fauna of Low(3r Triassic age, collected from the Guryul ravine near Khunmu 
and to a limited extent from Mandakpal, was assigned by Diener to the Hedens- 
troemia Beds, and to the ‘‘ Meehoceras ” zone by Middlemiss. Probably more 
than one zone is represented and the presence of Kashmirites seems to indicate 
the Upper Owenitan. In the Gur 3 nil ravine, these fossils occur in a coarse, dark 
grey, semi-crystalline limestone, occasionally rich in crinoid stem remains and 
include the following :— 

Lamellibranchi at a— 

*Paeudonionoti8{Claraia) decidena Bittn. 

Cephalopoda— 

*Plemingite8 ep. (group of flemifigianua), 

,, of. muthenaia, KraiFt, 

* * Meehoceraa ’ ’ Aff.jolinkenae Kr. & Dien., 

* „ {Koninckitea) of. yudiahthira Dien, [? Paeudaapiditea.’] 

„ sp., (group of 

Paeudoaageceraa sp., 

Prioniteaguryidenaia Dien., 

Sihiritaa kaahmiricua Dien. (genus found in the Hedenstroemia beds), 

Sihiritea aff. ihez Waag. (Mandakpal only). 

Kaahmiritea blaachkai Die'n., 

„ auharmalua Dien., 

,, aff. lacvigatua Waag., 

Stephanitea aff. auperbua Waag., 

Nanuitea sp. 


* Forms from the Hedenstroemia Beds of ^iti and Garhwal in which also occurs 
genus Sihiritea. 
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The “ Meehoceras ’’Zone has also been identified at Pastannab containing a 
similar fauna to that found at the same stratigraphical level in the Guryul ravine 
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At Narastan there is a continuous section from the sandy Productus Shales up 
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lithologically to the Pastannah rock and higher up contain numerous traces of 
ill-preserved ammonoids; the genus OpMceras has not been recognised here. 
The Lower Trias is doubtfully exposed at Lam. 

A fauna of Low(3r Triassic age, collected from the Guryul ravine near Khunmu 
and to a limited extent from Mandakpal, was assigned by Diener to the Hedens- 
troemia Beds, and to the ‘‘ Meehoceras ” zone by Middlemiss. Probably more 
than one zone is represented and the presence of Kashmirites seems to indicate 
the Upper Owenitan. In the Gur 3 nil ravine, these fossils occur in a coarse, dark 
grey, semi-crystalline limestone, occasionally rich in crinoid stem remains and 
include the following :— 

Lamellibranchi at a— 
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*Plemingite8 ep. (group of flemifigianua), 

,, of. muthenaia, KraiFt, 
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* Forms from the Hedenstroemia Beds of ^iti and Garhwal in which also occurs 
genus Sihiritea. 
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The Middle and Upper Trias are well exposed in a long line of precipitous scraps, 
the former passing up'into the latter. The lowest bedis in all sections comprise 
300>500 feet of buff-coloured, unfossiliferous, sandy limestones inter-bedded with 
shales, and in all probability represent the Lower Anisian, though no trace of a 
Lower Anisian fauna has yet been found. 

The Upper Anisian is exposed at Pastannah and at a locality a mile to the west 
therec»f, at the Ehrew inlier in a Triassic exposure, two miles north of Barus, at 
Ehunmu, and at Lam, but is hidden at Narastan. The following copious and 
aggJ^egate fauna has been identified by Professor Diener, and probably includes 
the two upper Anisian zones of Paraceratitea binodosus and P. trinodosus. Spirit 
ferifui stroicheyi, a form characteristic of the top of the Lower Anisian in the central 
Himalaya, is found here in the Upper, ranging throughout this subdivision into, 
the Carnic stage above:— 

Braohiopoda— 

Spiriferinaatracheyi Salt., 

Mentzdia of. koeveakalliensia Suobb., 

DieUuma hinudayanum Bittn., 

JRhynehoneUa trinodoai Bittn., 

„ mviabilia StoL, 

„ lamana Dien., . 

Lamellibrauohiata— 

Jliyophoria aSAaevigata Ziet., 

„ (group otcarinatae), 

Phurophorua aff. curioni Hauer., 

Modiola e^., 

Arcoplera indica Dion., 

Pema aff. vetuata Goldf., 

AvicidapMtannaheTiaia Dien., 

Lima op. (group otatriatae), 

„ ^ ajf. aubpuncktta d’Orb., 

Myaidiopteraeximia Dien., 

Pecten ep., 

Anomia triadica Diba., 

AnodontopAorapo^ar Dien., 

Lithophagua Bp., 

Gastropoda— 

Worthenia dhartnaenaia Blaschke. 

PronuUhildia ep., 

Euomphalua 
Marmdatdla Bp., 

Scamosp., 

Conidariasp,, 

Nautiloidea— 

Jliojavaroeeraa kagae Dien., 

„ aff. nmcola Dien., 

ThuringiomutiluaBp,, 

Syringonautilua aff. earoltna Moje., 

*Orypoeeraa vihianum Dien., 

*Paranautilua kaahmirieua Dieki., 

Orthoeeraa of. campanile Moje. 

Ammonoidea— 

CeratiUa [ParaceratitealthuUlieriOpp., 

„ [T Paraeeratitea'l of. trinodoaua Moje., 

„ [? Paraceratitea] aff. binodoaua Hauer., 

„ kuvera Dion., 

„ truneua 0pp., 

„ aff. auperbus Mojs., 

„ [f Semiomitea] aff. daleifer Hauer., 

„ (B(Manditea)vaitiOpp., 
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Ammonoidea— 

CBr€Uite9[HMMdites\ ramna Dien., 

,, Awngora Dieu., 

„ „ of. ofjuna Dien., 

„ „ vyctsa Dien,, 

t, aff. cBcilii Dien., 

,, (? Hollanditea) onuatua 0pp., 

„ (Haliluciiea) 

BeyriehUea hhanikofi 0pp., 

,, ikMat7a Dien., 

Sihiritea of. prMada Dien. (see parenthesia on p. G. 262), 

*Proteitea if^icua Dien., 

Aerojckordiceraa (Epcteroekordteeraa) cf. enoda Hauer, 

„ ef.haueri Atth„ 

„ o{. halarama Dien., 

*lactU%tea middlemiaaiDien. (the largest species of this genus), 

SnUthoceras henninae Dien., 

Pinacoceraa of. loomiai Dien., 

Piychitea aahadeva Dien., 

„ hruechiMriDien., 

„ cunninghami Dien., 

„ harclayi Dien., 

Oymnitea jollyanua 0pp., 

„ aankara Dien., 

,, vaaantaaena Dien., 

„ of. kirata Dien., 

Buddhaitea rama Dien* 

Of the specifically determined cephalopoda, all except four (asterisked) have 
been found in either Spiti or Garhwal or both. Notable features are the restric¬ 
tion of the genus Gymnites to the lower, and of the genus Ptychites to the higher 
horizons, and the indiscriminate distribution of the leading species of Ceratites — 
especially of C, (Paraceratites) throughout the subdivision; Gymnites 

and Buddhaites preponderate in numbers, while Ptychites is comparatively scarce 
and respresented by the group of megalodisci only ; in Spiti and Fainkhanda this 
genus, although attaining its maximum development in the topmost beds, is dis¬ 
tributed throughout the yrhole of the Upper Anisian and is remarkably rich in 
forms, especially in numbers of species and individuals of the megatodisci. Un¬ 
like the Upper Triassic fauna of the central Himalaya, lamellibranchs are richly 
represented in numbers in the Kashmir assemblage. 

In all sections the Middle Trias passes up gradually into the more massive beds 
of the Upper Trias which is several thousands of feet in thickness. These beds 
which cover a much wider area than the Lower and Middle Trias, consist of pale 
grey limestone and dolomite with only occasional quartzite layers, and in some 
places pass upwards into dark slates and thin limestones probably of Lower Jurassic 
age. The Upper Triassic limestones and dolomites build the magnificient cliff 
which characterise the numerous river gorges of this region. 

The rich cephalopod faunas, the Daonella Shales, the Halobia Limestone and 
the Megalodon Limestone of the Spiti and Kumaon Himalayan region are all un¬ 
represented in this part of Kashmir, and the fossils so far found nearly all come 
from the lower portion of the subdivision where beds rich in lamellibranchs and 
brachiopods are occasionally met with. These bivalves indicate a Camic age 
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close to that of the St. Cassian and Baibl bed of the Alps. The least scanty 
assemblage comes from Pastannah, derived from four horizons:— 

Brachiopoda—« 

Diehema julictm Bittn. 

LameUibranohiata-— 

Myophoria of heferateini Muenst., var. muUiradiata Waag., 

M middlemiasi Dien., 
aff. whatdeyae Biioh.» 

Tfigonodua Bp., 

Hoemeaia hhavani Dien., 

Pa^udonumotia sp., 

Lima of. avhpmUata d*Orb., 

Myaidioptera sp., 

Peptan (CUamya) middlemiaai Dien., 

M (VdkfpecUn) sp. 

Beds which, form their stratigraphical position, must belong to the Upper 
division of the Triassic system, have yielded a few odd fossils at Khrew, Lam and 
Narastan. Among the brachiopods Anisian types predominate, but the meagre 
faunas afiord little assistance in deciding the precise age of the beds. They are as 
follows:— 


Khrew 


Lam . 

Narastan 


} 8piriferina atracheyi Salt., 

„ aff. lilangenaia Stol., 

Menizelia mentzeli Bunb., 

BhynchoneUa trinodoai Bittn., var, freahfieldi Dien., 
Hcameaia bhavani Dien., 

(6) Spiriferina atracheyi Salt., 

Oervillia sp., 
f(a) Trigonodua sp,, 

Pleurophoma cf. curioni v, Hauer. 

. I iSpm/ertna atracheyi Salt., 

[ BhynchoneUa lamana Dien. 


I V 


Palgam outcrop.—East of the Vihi area, a small patch of Penman, Lower 
.Middle and Upper Trias, surrounded entirely by Fanjal Trap, is exposed in the 
upper Lidar vaUey around Palgam. The Otoceras zone, with many specimens of 
that genus and nearly all the other members of that fauna, has been located by 
Bion in a layer of calcareous nodules; a surprising feature in this example of the 
fauna is the presence of species of Prodiustw.^ 

IstamoDad belt.—The Upper Trias has been mapped by Middlemiss as crop¬ 
ping out in a broad belt from the alluvium east of Islamabad. 

Esposdreo east and west of die Wnlar lake.—Disconnected patches 
of Trias, mostly of the Upper division, have been mapped by Bion to the east of 
by Wnlar lake, one of considerable size and all of them in contact with or surrounded 
by Panjal trap. Some of these have already been described in the section on the 
Panjal Volcanics, since there is reason to believe that the deposition of the Triassio 
limestone was in places an incident which took place in the Panjal Trap period 
during a lull in the extrusion of lava. In the Erin stream-course, for instance, the 
base of the Upper Tnas is interbedded with the traps and if the Imndaty is traced 
soatheastwai^ successive belts to Middle Trias, Lower Trias and Permiaa beds 


S^. Ste. XSJy, 89 ( 1914 ). 
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make their apperance in normal sequence between the trap and the Upper Trias. 
In the small patch at Ambersilwar, west of the Wular lake, the Triassic limestone 
is both underlain and overlain by traps of the Fanjal suite; there is a gradual 
passage from the trap beneath into the limestone, the base of which is full of ashy 
material.^ The upper portion of the Fanjal Trap must in places be regarded as 
belonging to the Triassic period. 

Sonamarg-Gurais Belt.— A large, irregular, NW-SE belt of rocks consisting 
mostly of the Kioto limestone, but including the Lower Trias andAnisian, 
stretches from the Bhot Kol Fass, about fifty five miles east of Srinagar, across 
the upper Sind valley, past the Zoji La, through the hill-station of Sonamarg, 
and across the Kishenganga river through Gurais to a point a few miles N. N. E. 
of Kanzalwan. It forms part of the Great Himalaya and encloses an inlier of 
older rocks. The country occupied by it is not only high but preciptous, and 
through it the Kishenganga has cut a deep valley obliquely across the strike ; at 
Gias the outcrop is seven miles wide. A good section is also seen in the upper 
Dras valley which traverses much of the sequence. The Kioto limestone is, as 
elsewhere, several thousands of feet in thickness and consists almost entirely of 
evenly-bedded, dark grey, occassionally ochreous limestones, which are much folded 
and contorted. Small thickness of black slates and jasper-like quartzite have 
been noted at two or three places, as well as a few oolitic beds and some limestone 
breccia. The bulk of the limestone is unfossiliferous, but in the lower part, in 
the Gurais section, there are a few beds with much crushed fossils, among which 
are : broken valves of Myophoria, a single valve impression of Trigonia sp., two 
species of Dielasma (D. afi. julicum and 2). himalayanum), numerous examples of 
Naticopsis and Marmolatella, casts of one or two species of large thick-valved 
Megalodon and Dicerocardiumf doubtful examples of Trigonodus, Pseudomonitis, 
Spiriferina and RhynchoneUay numerous corals including CaUmophyllia^ and one 
or two specimens of a large Thecosmilia ; the most plentiful remians are those of 
crinoid stems. A Myophoria from an impure calcareous rock in the Dras valley 
is allied to M. ovata, a form found in but not restricted to the Werfen beds of the 
Alps ; its presence indicates either Lower Trias or Anisian. The presence of the 
Upper division of the Anisian is shown by the collection of Ceratites [Paraceratites] 
thuillieri 0pp. (from Sonamarg) and Proacrestes balfouri 0pp. [P. escheri Mojs.] 
from Dras. The rich cephalopod faunas of other regions have not been observed 
in this belt. At Gurais the Upper Trias, with species of Myphoria, Trigonia^ 
Dielasmay Marmolatella and Megahdon^ together with some corals and crinoids, 
rests with no discordance upto the Fanjal Trap, the uppermost fi.ows of which may 
thus belong to older portions of the Upper Trias. Between Tragbal and Gurais, 
thick intercalations of Middle and Lower Trias are seen in the traps^ and between 
Khapuri and the Kissar peak (14,218 feet) the trap and ash beds are described 
as passing up into the overlying limestones which are crowded with pyroclastic 
dhbris.* In the Gamru valley at Matayan, Dr. De Terra found the commonest 
fossil to be Megalodon ladakhensis Bittn., the index fossil of the Noric and Bhaetio 
of Spiti and Kashmir, and collected in addition species of Thamnastroea and 
Rhynchonella, The Trias of this valley is described as at least 7,000 feet thick 
and as forming a WNW-ESE syncline, perhaps an outlier of the great Triassic 


^D. N. Wadia. Bee. LXVIll, 168 (1934). 
*D. N. Wadia. Bee. LXVIII, 161 (1984). 
Kfen. Bep. Bee. LXIX, 61 (1935). 
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syncline of Spiti.^ The Anisian is thought to be represented here by thin-bedded 
limestones and shales below the massive limestones of the Upper Trias. Between 
Matayan and Findras, the Triassic limestone is sharply compressed into recumbent 
folds; one section near Matayan shows a well-developed recumbent fold resting 
on Panjal trax>s.^ From this neighbourhood, i.e,, the southern flank of the Dras 
valley, the following fossils have been identified by Sign. C. F. Parona, and pro¬ 
bably indicate the Upper Division of the Triass 
Algae— 

Solenopara cf. triassina Yin., 

Actinozoa— 

BalaUmia of. kochi Yin., 

Myriophyllia mUnateri Yoltg, 

Aatroemorpha con/uea Winkl., var. major Yin., 

MontUvaltia sp. 

Crinoidea— 

Encrinua sp. 

The section across Sonamarg to Zoji La has been described by Middlemiss. 
The Panjal Trap is followed without change of dip by 600 feet of imperfectly ex¬ 
posed, deeply-eroded, pale, sandy and schistose slates or phyllites; since no fossils 
have been found in them, it is not known whether any of them belong to the Gond- 
wana, the Zewan, Productus Shales, or the Lower Trias. The Anisian, however, 
has been recognised in the 200 feet of the phyllites and ochreous calcareous bands 
which immediately succeed; the fossils in these rocks have nearly all been obliterated 
by folding, but one specimen of Ptychites and numerous fragments of other am- 
monoids and gastropods have been recognised. Next come about 400 feet of 
black shales, followed by the Upper Triassic massive limestone which continues 
up the Sonamarg valley to Baltal (altitude 10,000 feet), with occasional crinoid 
and coral remains. Towards the Zoji La, these massive limestone give place to, 
thinner-bedded limestones, interbedded with black shale or much crushed, fissile, 
pyritous slate; in the more calcareous layers nearer the pass are black lumps 
suggestive of ammonoids as well as other more definitely recognisable though 
distorted ammonoid remains. These beds are thought to represent the Middle 
Trias reduplicated again and again by inverted folding and faulting.* 

Northeast of the above wide (Sonamarg-Gurias) belt, two or three highly eroded 
outliers of limestone lying in the Salkhala slates were at first mapped as Eocene. 
That lying fuihest to the northeast and carrying the village of Kamri, however; 
consisting of a recrystallised grey limestone, differs lithologically from the others 
and has yielded traces of fossils, including, crinoid stems and a coral resembling 
CalamophylUa. The latter suggests an upper Trias ago, and is found in rocks 
of this epoch around Gurais and Vihi.® 

Shamsh Abari syndine.— The minute ]^tch of Trias in the core of the Shamsh 
Abari syncline, to the west of Hardwar, is interesting in that it consists of the same 
limestone as that of the Upper Trias at Gurais and the Wular lake vicinity, with 
black siliceous slates at the base ; these beds lie directly imposed upon the highest 
beds of the Panjal Trap.* 

ijfem. Connect. Acad., Yll, Art, 11,29 (1935). 

*J. B., Auden. Aee., LXlX, 125 (1935). 

*Att% d. B Aeead d. Set. d. Torino^ LXYll, 179 (1932). 

*J2ec. XLl, 142 (1911). 

•D.N.Wadia. Bee. LXYlll, 420 (1934). 

•H. 8. Bion. Bee. LXYIU, 161 (1934). 
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Zanskar basio. —Of the main mass of the Trias in Kashmir, lying on the Tibetan 
side of the Great Himalaya, we have but scanty information. It forms a broad 
belt, continuous with the Trias of Spiti, through western Bupshu along the Tsarp 
or upper Zanskar valley by a lower section of which river it is traversed, to about 
a dozen miles east of Kartse.^ In general, it overlies the Kuling Shales and is 
accompanied by younger beds. The rocks for the most part consist of a great 
thickness of limestones and dolomites, in places highly contorted belonging to 
the Upper division of the Trias; Rhaetic and perhaps higher Jurassic horizons 
may also be represented in this so-called “Kioto Limestone.” At Mulbekh in 
the upper Wakka valley, southeast of Kargil, there is an isolated mass of Triassic 
limestone exposed, containing numerous fragmentary fossils with Megalodon 
as the commonest type; De Terra suggests that this is a down-faulted portion 
of the adjoining Triassic sequence. A similar occurance is recorded in Zanskar 
range near the Namika Pass.* From the northern edge of the main outcrop of 
Trias near Bed Karbu, De Terra has collected Thecottmiliay Rhabdophyllia and 
Lovcenipora from a fallen block. 

Among the Mesozoic rocks which occupy most of the high ranges between 
Spiti and Bupshu the coral limestone of tne Upper Trias forms a conspicuous and 
useful stratigraphical feature.* In Bupshu, especially, it takes the form of a white 
dolomite, retaining its numerous corals. In tne beds below this dolomite, nXeta- 
nXorphism naa obliterated as a rule all traces of fossils. Tne Trias is well exposed 
in tlie Pangpo, Para and Ohepzi valleys, consisting of crushed limestones, slates 
and calc-schists. Among them representatives of the Middle and Lower Trias 
as well as of the Permian, can be definitely recognised, not only by lithological 
sequence, but by rare badly-crushed fossils in the Pangpo river near Kiangshisa 
and in the Para river near Setang Gongma. In the former the Ladinian stage 
of the Trias is represented by black, calcareous slates with Daonella indica. The 
lateral valleys cf the Tsarap have yielded the Anisian form Spiriferina stracheyi. 
The presence of the Upper Anisian is further indicated by the presence of Ptychites 
durandi Dien, (from Padam) and Gymnites salteri Beyr. (from some unknown 
locality in Ladakh), From Ladakh an amihonoid collected by Prochnow has been 
referred by Waagen to Flemingites, an indication of the presence of the Lower 
Trias. Three Noric fossils have been specifically determined : Athyris (Spirigera) 
noetlingi Bittn. (from Nio sumdo-Niri Sumdo-in Karnag, and probably also from 
the Pangpo Pass, both in the Zanskar basin), Megalodon cultridens Bittn. (from 
near Lingti Sumdo), and M. Ladakhensis Bittn. (from Shargol, at the northwestern 
end of the Zanskar basin; formerly described as M, cj. gryphoides). The first 
and last are Spiti forms. Two additional types, which are probably from Noric 
beds of this belt, are Dicerocardium humlayanse Stol. (from between Lahaul and 
Karag), and Monotic salimria Schloth. (from Khar in the Zanskar basin); the 
former of these is a Spiti form, while the latter is the leading fossil of the Alpine 
Halstast Limestone.^ 

Changchenmo valley. —In northeastern Ladakh, a narrow belt of “ Jura-Trias’" 
has been mapped by Lydekker in the Changchenmc, a tributary valley of the 
Shyok, north of Lake Pagong (Tso mo Gmalari), and to the east of Leh, and perhaps 
continuous with an outcrop of the same rocks observed some miles to the north 

iR. Lydekker. Mem. XXU, Map (1883). 

*Mefn. Connect Acad, VIII, Art, 11,47 (1936). 

*H. H. Hayden. Mem. XXXVI, 92 (1904). 

^Stoliczka also records* * Ammoniteey {Proarceates) auaaeanna Hauer. 
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west on the Shyok river south of the Karakoram Pass. Eastwards, the Chang- 
ohenmo outcrop probably unites with a broader belt from which, further west, 
it is s^rated by a wedge of older rocks; this broader outcrop is crossed by the 
Chongnng river. The sequence, mostly Kioto limestone, is accompanied by 
shaly beds apparently belonging to the Kuling series, and includes the chara- 
teristic white dolomites with numerous specimens of Dicerocardium himalayens 
and Megalodon (Neomegalodon) triqueter.^ 

Liiigzi Thang.— North of the Chongling Pass, Triassic and Jurassic rocks 
occupy the lofty plains of Lingzi Thang, stretching far to the east and west, 
and possibly into the Lokzung range to the north of the plains.^ 

Depsang plains, Karakoram Pass*— Another patch to Kioto limestone covers 
the Depsang plains on the south side of the Karakoram Pass. Of this we should 
have known more but for the premature death of Dr. Stoliczka on the Pass in 1874. 
From these beds come the curious spherical hydrocorallines, Heterastridium or 
SyringoaphcBria, known as ^^Karakoram stone” and similar to those found widely 
distributed in the Halstatt limestone of the Alps, in the Balkan Trias and in the 
island of Timor. Four species have been named by Duncan Heterastridium 
(Syringosphceria) medlicotti, H. intermidium, H. planum and H. monticularicum, 
var. aspersum^ another hydrocorallin from these beds is Heterastridium 
{Stoliczkaia) porosa.^ From one of the moraines of the Siachen glacier in the 
Karakoram, Parona has identified; Dicerocardium mtdiofasciatum Freeh, D. 
dolomiticum Freeh, Megalodon hockhi Par., M» hcernesi Freeh, and a 
doubtful Omphaloptychia. The small outliers of “Jura and Trias” recorded by 
Lydekker to the south of Nanga Parbat^ are omitted from Wadia’s maps.® 

This outcrop belongs to the zone of fossiliferous Tethys sediments which 
according to Auden, extends along the north of Karakoram watershed from the 
Pamirs for a distance of about two hundred miles, not as a continuous 
outcrop but apparently in a series of basins arranged en echelon and separated 
from each other by the underlying unfossiliferous Lower Palaeozoic rocks.® 

Baltistan. —A curved belt of “ Trias and Jura,” lying snyclinally in older 
rocks, occurs in Baltistan, extending from the Shigar river eastwards and north¬ 
wards across the Biafo river and then northwestwards obliquely across the Biafo 
glacier into Hunza Nagar. In some places, the rocks are more oi less metamor¬ 
phosed, in others they are little changed and include thick limestones and dolo¬ 
mites together with black shales; the dolomites and limestones with their character¬ 
istic red stains are described as very like the Changchenmo rocks. The Kuling 
Shales apparently accompany the Trias of this region.^ 

Tosh Maidan-Gulmarg-Golabgarh Belt.— A ribbon-like belt of what has been 
referred to as the Upper Trias, which may well be the Kioto limestone, has been 
mapped by Middlemiss along the northeastern slopes of Pir Panjal, extending 
from Tosh Maidan, where it is cut off by a fault, southeastwards through Gulmarg 


i F. Stoliczka. Msm. XXII, 182 (1883). 

«R. Lydekker. Mem. XXII, 182-183 (1883). 

XXin, 80(1890); XXXVIII, 69(1882); P. Oppenneim, Central/, 

min.^ etc., 722 (1^7)- 
4 B. Lydekker. Mem. XXII. Map (1883). 

» Bee. LXVI, Pt. 7(1932); Ibid., LXVIII, PI. 12(1934). 

® P. Kennit Mason. Himalayan Joum., X, 43 (1938). 

V Lydekker, Mem. XXH, 188 (1883). 
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to the OolRbgarh Pass. From Fanjal Trap on both sides it is separated by a 
thin layer of Gondwana or Permian beds, except where the boundary is hidden 
by Pleistocene Earewa depodtp. The slcj es of the Pir Fanjal above the onto rep 
are strown with boulders of fossiliferous Triassic limestone, proving that the 
exposure was more extensive than it is now.^ The Lower and Middle Trias 
are absent, hidden by moraine and alluvium, or represented by a sequence either 
without fossils or with a fauna too scanty for stratigraphical purposes. The 
lowest horizon is of pale, thin-bedded shale with Pecten and PseudomonoHs. 
The bulk of the exposure of limestone which is practically unfossiliferous strongly 
resembles the enormously thick limestone of similar age on the opposite side 
of the Kashmir valley already described; in some of the beds corals and crinoids 
are imperfectly shown. In places the limestone has a very thin-bedded, platy 
structure like that of slate. ‘ 

Outliers on the southwestern flank of the Pir Paiqal.— Two small outcrop 
of Upper Trias have been mapped by Wadia on the southwestern flank 
of the Pir Panjal, twelve miles away from the Tosh Maidan belt, and there may be 
trifling occurrences of the same rocks elsewhere along this line of strike. Each 
of the two outcrops is about 50 feet thick, and is composed of grey semi-crystalline 
limestone overlain by grey crinoidal limestone with occasional lamellibranch. In 
the larger of these two exposures—that at Mandi—the Trias is underlain by a small 
thickness of Permian beds with Pesudomonotis, which rest unconformably upon 
the Panjal Trap, the later inlying the Nummulitic limestone; at Trekanna the 
Trias rests directly upon the Panjal Trap. In a line with the above is a narrow 
outcrop of Permian beds at Sangliani, which may or may not be accompanied by 
an insignificant amount of Trias.® 

Himalaya-Hazara syntaxis.— -An extremely narrow belt of Trias and Infra- 
Trias, fragmentarily developed in discontinuous, faulted strips, has been mapped 
by Wadia in a northwestwardly continuation of the above small outliers. In 
this direction it has been drawn circling round the Mozaffarabad syntaxis into 
Hazara. It is accompanied by an outcrop of Panjal Trap of not much greater 
width, except to the west of the curve where the trap is absent and the Trias with 
Eocene and other rocks, is sandwiched in between vertical Miocene beds (Murrees) 
on the one side and Dogra Slates on the other. In the majority of sections, the 
Trias occupies a position between the Panjal trap and the Nummulitic limestone 
in the recumbent folding of this area. It is a little more thickly developed in the 
hills southeast of Uri, and in the Kunhar gorge east of Paras. In the latter section, 
the rocks which are described as resembling the Hazara rather than the Kashmir 
Trias, consist of dark grey or rusty brown, thick-bedded, sandy limestone with 
ochreous blotches, with black shaly prtings and strings of comminuted bivalves 
corals and crinoids, but no ammonoids; Dicerocardium and a doubtful Megalodon 
are recorded.* No trace of the Zewan beds has been observed in the hills north* 
west of Uri. 

HAZARA AND ATTOCK. 

Hazsura district. —^The Eaoto Limestone, most of it probably Upper Trias 
occurs in the hills of Hazara both in the **Slate zone” and the ^^NummuUtio zone”# 
In the Slate zone it is accompanied in the great majority of cases by the 

1D. N. Wadia, Mem. LI, 249 (1928). ~ 

» C. 8. Middlemiss. Eee. XIJ, 129 (1911). 

^ Mem. LI, 250(1928). 

«Hcc. LXV# 212 (1931). 



898 


manual of geology of INDIA AND BURMA 


[VOL. II, 

Spiti Shales and Giumal Sandstone (Upper Jurassic to Upper Cretaceous), very 
frequently also by a substantial thickness of Eocene rocks, the associated strata 
forming long thin lenticular strips or ribbon-like bands—faulted synclinal outliers 
in the Attock Slate. This persistent mutual accompaniment is an almost invariable 
feature of the cliff section in these hills. Along the northern part of the Slate 
aone the Kioto Limestone usually overlies one or other member of the Infra-Trias, 
but in the more southerly parts it is separated from the slate, into which it is tightly 
folded, only by a thin quartzite and sometimes not even by that. In some places 
there is evidence of more than one fold in an outcrop. Among the dark barren 
slopes of the slate, these outliers are seen as occasional craggy crests. In the 
Nummulitic zone—a zone of long steady strike ridges—the Spiti Shales are not 
found, but the Trias-Jurassic-Cretoceous sequence is seen in similarly shaped and 
similarly disturbed anticlines. In both the Slate and Nummulitic zones the 
boundary of the Mesozoic outcrops, especially the south-eastern boundary, is 
often a fault. According to Middlemiss, the thickness of Kioto Limestone in 
Hazara varies from 500 feet to a maximum of 1200 feet near Sirbunnuh seven miles 
to the east of Abbottabad but below it is a basal stage of 50 to 100 feet of volcanic 
material, haematite breccia, quartzites, shales, etc., which should be included 
in the Trias. 

Of this basal stage the bottom bsds consist of grey and white chert. The 
volcanic material is well seen on the north face of Sirban hill, in the form of very 
hard, pink, white or greenish bands, weathering with a rough surface, and probably 
composed of a much altered rhyolite. In the microfelsitic groundmass obscure 
traces of flow-structure can be made out but no phenocrysts of orthoclase or quartz 
and no spherulitic or perlitic structures. The brecciation frequently seen in these 
rocks is perhaps a contemporaneous phenomenon. In Sirban hill these supposed 
lavas are followed by some buff or purplish micaceous shales, and these by an 
earthy or pisolitic haematite.^ 

The limestone, above this basal stage, is very massive and thick-bedded, and 
rarely forms dip slopes. It is not so evenly bedded a^ the Infra-Trias and weathers 
into much darker colours. The fresh rock is generally dark grey mottled with 
elongated oval vermiform ochreous blotches. Sometimes it approaches a deep 
purple with a few deep yellow courses ; occasionally it is of a pale blue-grey tint 
like that of the Nummulitic limestone. In one place a few spheroidal ferruginous 
concretions have been recorded in the limestone and a minute oolitic structure is 
characteristic of much of it. The rock is slightly arenaceous but has no dolomitic 
tendency. Lines of comminuted shells and in places better preserved outlines of 
molluscs on limestone surfaces are observable and the following forms have been 
made out: Megahdon sp., Dicerocardium sp., Chemnitzia sp., Oervillia sp., 
Rhynchondla sp., Terebratula sp., and Ahetryonia haidingeriana Emm.* Chiefly 
on account of the presence of the first two genera, the beds have been assigned to 
the lower part of the Upper Trias. At the base of the limestone, above the bottom 
quartzite southeast of Bug^otur (Bagnotur), some grey shales have yielded a few 
fossils, but all of them too imperfect for precise identification, Das Gupta’s deter¬ 
mination of these are : Megcllodon cf. pumilua Giimb., pecten cf. atanderbergeri 


* 0. S. Middlemiss Jfem. XXVI, 26 (1896). 

^AUctrgonia haidingeriana IB a,n Alpine Bpeoies; a comparable form is found in the Napeng 
Ehaetio) bed of Burma. 
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Klipst., a small ammonite and a lamellibrancli resembling Vola sp.^ The Lower 
Rnd Middle Trias have not been observed either in Hazara or in the Attook 
district. 

Attock District* —In Attock, the volcanic zone appears to be unrepresented 
and the only possible equivalents of the basal stage of Hazara are some ferruginous 
shales, bleached shales and marls, which have been observed in the Kioto Lime¬ 
stone but whose precise horizon is unknown ; three hundred feet of these marls 
and ferruginous shales are exposed in the railway cutting through the Kala Chitta 
hills, north of the most northerly tunnel, and red beds of a similar nature are 
recorded in the hills east of Campbellpur and in the Kheramar hills.* It is possible^ 
however, that these ferruginous beds are younger than basal Trias and correspond 
to the Sulcacutus beds which in the central Himalaya occur at the top of the TTintn 
Limestone. 

In the Kala Chitta hills, the main outcrop of the limestone, with a few subor¬ 
dinate bands, stretches irregularly for a point northwest of Chharat to the Indus 
and beyond it. Other exposures lie immediately east and southeast of Campbellpur 
cropping out with the Eocene from the alluvium ; a few additional patches of it 
are seen between Campbellpur and Hassan Abdal, and beyond the latter eastwards. 
The base of the limestone is not exposed ; in the western parts of the Kala Chitta 
1,600 feet have been measured but not more than half this thickness is recorded 
in the easterly portion of the range. The formation, exposed in the cores of steeply- 
inclined or recumbent E.-W. anticlines, is of the same character as the Hazara 
rock, and is succeeded by beds which from their fossil content correspond to 
both the Spiti Shales and the Giumal Sandstone. 

The Kioto Limestone of the Kala Chitta and the Campbellpur area is described 
as drab-grey, irregularly mottled with bufE, lavender or pink, well-bedded but less 
frequently bedded and finer in texture than the Nummulitic limestone; some¬ 
times there is an alternation of buff and grey bands. The mottling probably 
marks the remains of fossils. The fracture of the rock is smooth and generally 
curved, and the weathered surface is pitted or grooved like that of the nummulitic 
limestone ; the rock seldom forms dip slopes. Bands of comminuted shells are 
not infrequent and the presence of an Upper Triassic horizon is proved by the 
occurrence of a species of Indopecten found in a light yellow shaly matrix near 
Garhiala. From the railway tunnel mentioned above. Dr. Muir-Wood has identi¬ 
fied Rhymhonella cf. bambamgensis Bittn. and a doubtful Halorella, from beds 
of probably Noric age.* 


CHITRAL AND THE PAMIRS. 

From its description, the Pamir Limestone of Hayden the most persistent and 
conspicuous stratigraphical element in the Russian Pamir, would appear to be a 
northward extension of the Kioto, which in part it resembles. It extends south¬ 
wards through the Afghan Province of Wakhan, over the Shawitakh Pass into the 
extreme north of Chitral, and a branch of the outcrop crosses the Ak Su below 
Aktash. It is often underlain by dark shales and in places by a limestone re¬ 
sembling the Fusulina Limestone except that it is unfossiliferous. It is a very 
thick formation, thin-bedded in beds from six inches to one foot thick, sometimes 


i J.A. 8. B., New Ser., XI, 253-264 (1916). 

*G. de P. Cotter. Mem* LV, 80 (1933). 

* Pal. Ind. New Ser., Vol. XX, Mem. 6,3-5 (1937). 
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E le gnj, sometiiaes darker, usually kard and compact but ooeasioBally sbaly.* 
tbe Aktasb area it is steeply folded. Sections of Megalodon are sometimes to 
be seen in the rock, and from the summit of Lakhshakh Pass, in a bed of shaly 
limestone made up almost entirely of comminuted brachiopods, Hayden collected 
crushed specimens of the Triassic genus HaioreUa. From the lower portion of 
the. formation, in the same part of the eastern Pamir, Stoliczka collected from 
limestones intercalated in black crumbling shales: jETaJorella rec(t^on« Bittn., 
H. stoliezhai Suess, S. pedata Broun-, Monotis saUnaria Schloth. an Tiamtastraa 
rectilamdlota Winkl. Monotis saUnaria is a Spiti form; the genus Halordla has 
not Iwen found in the Himalaya*, but occurs in the Upper Trias of Malaysia.* 
That the Pamir limestone, like the Kioto, trespasses into the Jurassic, is proved 
by impressions of Jurassic ammonites such as perispUnetes. 

Triassic rooks have been recognised by Stoliczka in the limestone cliffs of the 
Eoktan range of Chinese Turkistan, to the north of Kashgar, between that town 
and Lake GhaderM which is close to the Bussian frontier; the Koktan is one of 
the southern branches of the Tian Shan.* The basal portion of what is believed 
to be the Triassic system here consists of undulating, greenish or purplish shales 
overlain by dark, nearly black, limestones in thick or thin bauds, the latter being 
earthy. In one of the limestones are : an abundance of Megalodon triqueter, a 
large Ptnna, a Spiriferina comparable to S. stracheyi, the coral Litkodendron, 
and numerous small gastropods. Other thinner limestones are crowded with the 
remains of crinoid stems and a branching ceriopore. 

. A. similar dark limestone, but in this case unfossiliferous, is present in the 
Terek-tagh, another range farther north, and in accompanied by slaty rocks and the 
characteristic white dolomitic limestones of the upper Trias. 

AFGHANISTAN AND ADJACENT PARTS OF THE NORTH-WEST 

FRONTIER. 

Doab Series. —^The volcanic Doab series, which is exposed to the WNW 
of Kabul and may range into the Trias, has already been considered. In the 
Ghehil section in Afghan-Turkistan, the.Saighan rooks, which here crop out as an 
elongated £.-W. inlier in the Gretaoeous, overlie a calcareous sandstone which 
has yielded specimens of Hahbia or Daonella of Upper Triasic or perhaps younger 
affinit ies.* Hayden suggests that this sandstone is a local variation of the upper 
part of the Doab volcanic series.* 

Rhlng il Soles. —^East of Kabul, on the northwestern side of the high TTliingii 
range which separates the Kabul plain from Jagdallak, Ebyden found umestones 
and interbedded shale with badly preserved ammonoids and lamellibranohs 
{p eliiding " Meekoeeras '* sp. Ophiceras sp., and Pseudomonotis sp. The suc¬ 
cession of beds forms a single stratigrapbical unit to which the name of the Khitigii 
series has been given (see page 846). Its Strata probably range from Garboniferous 


tttse.XLV.m, mi9W ). 

(1912). 

f. rteeiie».,IiXI. 432-466 (1894). 

foateB*, and an assooiatedlaiiiellibraaoii as ifeweif MUsoriM. 

AMMUdhin to Ifo. Tteper, nether of these identifications is oonnst. See., XUI, 72 (1912) i 
SJBjiaydsn. Jfsm. XXXIX, 82 (19ll); A. C. Seward. Pal. Ind., New Ser., VoL IV, Mem. 

* fist., XXXIX, 77 (1911). 


• Disiier. Mem. XXXVl. 117 

•llenisekrifl. Aids. Ahad. d 
•Jlec. mas (1874). 
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(Sternb). 23. Araucarites cutchensis Feistm. 
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to at least the Upper Trias and possibly beyond, and include beds which lithologi¬ 
cally and famdstically characterise the Lower Ttias of the Himalaya below them 
are limestones with Spirifer and Productus. The Triassic limestones are locally 
altered by intrusions of granite and serpentine. 

The Khingil series probably occupies most of the hills between the eastern 
edge of the Kabul plain and the Panjshir river, and extends northward across 
the Kabul river towards Kohistan to the south it may form the Earkacha range 
in Tezin, and may be continuous with a belt of the same rocks cropping out in the 
ranges which skirt the Safed Eoh along its southern slope. An inlier among the 
Tertiary beds west of Sarobi has yielded Megahdon sp. and Dicerocardium sp., 
proving that the Upper as well as the Lower Trias forms part of the series. 

To the south of the Safed Eoh crest, the Ehingil series is exposed in the Chura 
and Bazar valleys, and is cut off from older rocks of Palaeozoic ago to the north 
by a long line of E.-W. faulting. Traced eastwards, the outcrop curves northeast 
and ends in the hills overlooking the Peshawar plain. The rocks along this exposure 
are highly folded, the folds being frequently reversed and faulted.^ The Triassic 
portion of the sequence, which is well seen south of Bagh, lies immediately under 
the Bhaetic limestone and is of great thickness; it is composed of red gritty shales, 
passing down into finer beds, overlying grits and conglomerates which in their 
turn succeed reddish-brown needle shales. Occasional thin bands of limestone 
occur. The most extensive member of the Trias of this locality is the needle 
shale wluch may be several hundred feet thick and has yielded plant impressions. 
It is sometimes interstratified with thin bands of coarse sandstone. According 
to Oriesbach, the shales are in places alum-bearing. The conglomerates consist of 
large rounded blocks and i>ebbles of limestone, sandstone and occasionally gneiss, 
lying in a coarse, sandy matrix. On the south side of the Bazar valley, west of 
Peshawar, the red, griky shales of the Trias are seen dipping under limestones 
of Permian age. 


BALUCHISTAN. 

A wide outcrop of Triassic beds was proved by Mr. E. Yredenburg to be present 
to the east of Pishin in the highlands south of the upper Zhob valley.* The struc¬ 
ture of the area is complicated and the inclusion within the outcrop of several 
narrow, compressed synclines of Tertiary rocks confirms the suspicion that the 
succession is repeated many times by folding. No estimate of the thickness has 
been found possible. 

The rocks consist largely of slaty shales, usually greenish in colour but some- 
times slate-ooloured or reddish, with harder intercalations. Lithologically, they 
are very similar to the Tertiary Eojak Shales on the north side of the same valley, 
but the intercalations in the case of the Trias are of black compact limestone 
and not calcareous sandstones as they are in the younger system. Pressure has 
induced slaty cleavage, and fossils are scarce. The most frequent fossil is Momti$ 
salinuria Schloth., which occurs in a fragmentary condition at numerous places 
all over the outcrop. Of the ill-preserved cephalopod casts, the only one identi¬ 
fied in sAu ifl( Hahntes aff. Buhcatenatus Hojs. from the eastern part of the exposure 
near Mach ; from boulders in the river beds have been obtained Didymites afg* 
hanicuB Mo]s., DtUpumiei and DtBtiMies sp. (?), Cdtites sp. (group ol 

*H. H. S^en. Jfem. XXVIII. 97 (1898). 

•jres.XXil,ie2(l9M). 
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aeuiiplic(Uus) Paratibe^ite$ aff. tdmquisUi Mojs. and DiphyUitea {RhaoaphyUites) 
vredenburgi Bien. The horizon indicated is that of the Norio^ especially the middle 
division thereof.^ 

There is reason to believe that this series is brought up again by faulting to the 
west of Quetta, where, in the Brewery Hill, have been obtained a few fossils of 
Triassic appearance. These include several specimens of a phylloceratid recall^ 
DiphyUites vredenburgi^ some small globose forms greatly resembling Ptycbitee 
and another fragment which seems to belong to the genus Cladiscites.^ 

In the Fort Sandeman area of north Baluchistan, Dr. A. L. Goulson collected 
a specimen of Didymites, a genus characteristic of the Lower Noric ; the rocks from 
which it was obtained form part of a sequence similar to the shale, limestones and 
sandstones exposed in the gorge of the Eapip Khwara.^ 

Some two hundred and fifty miles south of Quetta, a boring in Ehairpur State 
supplied a considerable number of fragmentary fossils from the lower levels 
were obtained an ammonite referable to the Arcestidae and a possible orthoceratoid 
cephalopod, suggesting the presence of Triassio rocks.^ 

BURMA. 

ArakanYoma. —^Until very recently it was generally supposed that the 
Axial group of Theobald, admittedly a heterogeneous formation of unknown 
stratigraphical limits, included beds which had yielded Triossic fossils including 
a species of Salobia or Daonella, The question is discussed fully by Dr. E. L. G. 
Olegg, who advances grounds for suspecting that the fossils in question, Triassio 
though they undoubtedly are, did not come from the Arakan Yoma, where the 
Axial beds are exposed but from Earenni.'^ The *'Axial group” is described in 
the chapter dealing with Cretaceous. 

Northern Shan States. —Over the greater part of the Northern Shan States 
Triassio deposits have not been recognis^. In North Hsenwi, however, between 
the top of the Plateau Limestone and strata thought to be Bhaetic, Mr. G. Y. 
Hobson found a series of dark grey, thin^bedded limestones with interbedded 
sandstones, passing up into carbonaceous sandstones . the beds are unfossiliferous 
but might represent some stage of the Trias—^perhaps the Noric, which is so subs¬ 
tantially developed to the east in Yunnan.* At Na-hkam in the same State, 
west of the town of Hsenwi and north of Lasbio, Dr. M. B. Sahni has found in- 
terstratified among dolomites similar to those which form the bulk of the Plateau 
Limestone, a series of thin*bedded, argillaceous limestones and shales, which have 
yielded a very interesting fauna apparently ranging from the Otoceras zone, al¬ 
though this genus itself has not been found, to the Owenitan in addition to 
ammonoids, gastropods are present in large numbers. The following is a list of 
the forms provisionally identified: Xenaspis carbanaria Waag., (found in the 
Permian of the Salt Bange and the Chitiohun erratics); Ophioerae {Olyptophi^ 
oerot; Lytophicerai) sp. Vishnuitee sp. ParatnehnuiUs sp.; HemprUmiu 
{Ganieiu^) sp.; Aspeniiet (an American genus, found also in Timor); 

H3. BiMier. Bee. XXXIY, 30 (1906). 

•G. H. Tipptf. Bee. XXXVI, 133 (1907). 

*Sh0im MGretseeoBs on the 82 -iiiile geological map. 

Hhn. Bep. Bee. LX, 10 (1037). 

•ifciii. LXXII, 178-106 (1038). 
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Owenites sp.; Kashmirites sp.; a species of Juveniles (Nannitea) allied lo 
J. hindostanus (Dieu.) and«/. herbarti (Dieu.), both of them found in the Otoceras 
Beds of Spiti; another species of the same genus having resemblances to ^*Nannites^* 
hittneri Mojs. N ” fugax Mojs. and spurius Mtinst. of the Mediterranean 
Trias and a frequent form belonging probably to a new genus of the Hungeritidae. 
Pleurotomaria and Naticopsis are the dominant genera among the gastropods 
the former being the most prolific both in numbers and species; one of the latter 
is said to be comparable to Naticopsis hhurensis Waag. from the Salt Bange and 
central Himalaya. A single species of Holopella, very similar to H. trimorpha 
Waag. of the Salt Range Upper Productus Limestone, is recorded and the genus 
Neritomopsis is represented by more than one species. A single specimen belongs 
to the genus Platystorna (? Platyoeras), and several ill-preserved fossils have been 
referred to Murchisonia. Trochus is represented, and a number of specimens are 
probably assignable to the Neritopsidae.^ Among the lamcllibranchs, forms 
belonging to Schizodus are the most common, but Pseudomonotis, Avicuhpecten, 
and a doubtful Lucina are reported. The only brachiopod is a species of Lingula. 

These beds are no longer thought to form an integral part of the Dolomitic 
type of the Plateau Limestone, but are probably faulted thereinto. To this pre¬ 
sumed dislocation they probably owe their preservation, but their relationship to 
the Plateau Limestone is obscured by thick surface debris. Sahni remarks that 
their discovery is due to the fortunate accident of a stream happening to traverse 
their outcrop; failure to find the beds elsewhere, therefore may be due to con- 
■cealment beneath alluvial deposits. 

This is the only Lower Traissic fauna known between the Himalayan region 
Rnd Indo-China. In the complete absence of brachiopods, with the exception of 
the chitinuous Lingula^ the fauna shows a marked contrast to its equivalent in 
the Himalaya at the same time, the species of OphiceraSy JuveniteSy Kash- 
mirites and Hemiprionites are allied to those of the Himalaya and the Salt Range 
and, as Dr. Sahni remarks, were a deeper phase of this assemblage discovered 
in the Shan States, it would in all probability show a still greater affinity with 
the Himalayan and Salt Bange faunas. In the absence of calcareous brachiopods 
:and in other respects, the Na-hkam fauna displays a close resemblance to one in 
east Greenland, the species of Vishnuites and Ophiceras found in the two regions 
being closely allied. Dr. Sahni suggests that this entire absence of the calcareous 
bracUopods, which are such a determining feature of the Burmese Permian (Plateau 
Limestone), illustrates what may be an important break at the top of the Permian. 

Karenni. —Specimens said to come from Karenni include some very well 
preserved examples of an Halobia or DaoneUay and a species of Monotis.^ Other 
specimens occuring in a hard black limestone very similar to that containing the 
Karenni specimens, were reported to have been derived from the Axial Beds of 
the Arakan Yoma, but it appears probable that they were wrongly labelled and 
came in reality also from Karenni; they comprise an Halobia or J^onella distinct 
from any described Indian species but allied to the one mentioned above, and 
numerous lamellibranch casts and fragments including some Monotis-like shells 
and an Avicula very close to^. (?) girthiana Bittn., a Himalayan type.® 


liJeo. LXVI, 27, 97-98 (1932). 

>Q. H. Tipper. Bee. XXXIV, 134 (1906). 

U. Bittner. Pal. Ind. Ser. XV, Vol. Ill, pt. 2,48 (1899). 
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BURMO^IAMESE FRONTIER. 

y 

In the Amherst district of Lower Burma, the hills between the Dawna range 
and the Siamese or Thailand frontier, which is here formed by the Thaungyin 
river, are composed mainly of a limestone overlain unconformably by a series of 
red sandstones resembling the Kalaw Red Beds of the Southern Shan States. 
The limestone forms the cores of the chief ranges, the main exposure occurring 
between the Thaungyin and its tributary the Mepale river, stretching from Htichara 
northwards, and probably continuous with the outcrop in the Thaungyin gorge 
above Kamawkala village, in the extreme north of the district. It has been called 
by Dr. Cotter the Kamawkala Limestone after the well-known peak of that name 
southwest of the village. Several minor inliers occur along the Thaungyin river 
and in the hills north-east of Htichara; the most southerly of them lies on the right 
bank of the river, a few miles south of Phalu, and due east of Moulmein. The 
rugged and castellated profiles characteristic of the limestone can be recognised in 
the distant Siamese ranges and bear witness to a wide east ward extension of the 
rock. 

The main exposure, north of Htichara, is flanked on the east and south by the 
Red Sandstone of Kalaw Beds, probably of Lower Jurassic age, and along its 
southwestern boundary by Tertiary beds. Both the limestone and the red sand¬ 
stones are highly disturbed and often vertical in dip, the former being frequently 
contorted and crushed. 

The Kamawkala Limestone is a hard, grey, crystalline rock often characterised 
by a network of calcite veins; near Htichara the rock is dolomitised and forms 
bolder and more massive hills. A few badly-preserved fossils have been obtained^ 
the best of which are braohiopods and molluscs and indicate Upper Triassic 
age. The following forms have been identified by Professor J, W. Gregory, Dr. J. 
Weir, Dr. F. Trauth and Dr. J. Pia.* 

Aloa— 

HohspoftUa Biammaia Pia (the sporangical tube of dasycladacean showing resemblancea 
to Diplopora phmeroapora Pia, and to Aciculella bacillum Pia, the former probably from 
Triassio beds, the latter undoubtedly Ladinian). 

Physoporella 7 sp., 

SphoBfocodium sp., 

Diplopora ap,, 

A fragment resembling Doveenipora, 

Aotinozoa— 

Stylinaap., 

Stylophyilopaiathaungyinensia Greg., 

Gtniraalraea eotteri Greg., 

Meandraraea orientah Greg., 

ThaeoamUia ap» 

^UAOHIOrODA— 

BhynehonaUa hand>anaganaia Bittn. (a Himalayan form Koric age), 

„ of. coneordiaa Bittn., (an Alpian species Noric age), 

„ fiaaieoaMa Suess. (close to R, aalieriana a form found in some unknown 
horizon of the Middle Trias of the Himalaya). 

I^AKKIiLIBRAUOBIATA— 

Qhaamya sp. (with affinites to valonienaia Hewt., a form ranging widely and found In 
theiUlaya Peninsula). 

Oatrea q>. 


>0. Be Cotter. Ree., LV, 276 (1983). 
IXm, lM-131 (1930). 
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ir'JOf the indeterminable ammonoid fragments the best preserved has been com¬ 
pared by Dr. Spath to the Bhaetic CAoristooeras ammonUiforme Gumb. while 
another is a compressed haloritid resembling the Noric Jovites ; an incomidete 
fragment showing only half a whorl, according to Dr. Trauth, has a 
ribbing nearest to a Juvavites allied to J. buticum Dien., and another specimen 
is regarded by Professor Von Arthaber as belonging to the genus Trachyceras. 
In addition there are remains of sponges, crinoid stems and echinoid spines, and 
sections of a large indeternunale gastropod. 

Whether the Kamawkala should be regarded as an upward extension of the 
Plateau Limestone, as has been suggested,^ is a question of convention best post¬ 
poned till more is known of the upward range of the Plateau rock in other parts; 
for the present it is best considered apart. Fossiliferous Triassic rocks are present 
in the Malay Archipeago, and the Middle and Upper divisions have been recognised 
in the Malay Peninsula, where the rocks consist of shale, quartzite and coarse 
conglomerate.* 


YUNNAN. 

Introduction. —The sea appears to have invaded certain portions of the 
Chinese province of Yunnan at various times during the Triassic period, and the 
system is represented to-day by limited relics which, in the eastern parts at least, 
owe their preservation apparently to faults that have let them down.® Space 
will not permit of a detailed description of the Trias in this southwestern province 
of China, and the various provinces of French Indo-China to the south, but a 
brief consideration of Dr. Coggin Brownes important traverses in the former region 
and of Dr. Cowp^r Eced’s equally valuable palaeontological contributions is 
advisable, since their results are likely to throw light upon further work in the 
Shan States and other parts of Burma. 

In Yunnan, the Trias is in general stct^ply folded, and represented by all three 
divisions which are said to be separable from each other by distinguishing fauna. 
The Lower division has not been definitely recognised in the more westerly parts 
but in the east it has a littoral facies with a typical Werfen fauna and passes up 
into the Middle Trias ;• between the Mekong and the Yang-pi Ho it seems to be 
represented by at least a part of a great arenaceous, argillaceous and carbonaceous 
formation of sub-aerial and in part lagoonal origin, known as the Red Bed series. 

The Red Beds, which, from a lithological standpoint, are reminiscent of portions 
of the Gondwana sequence, lie unconformably upon the Upper or Lower Permian. 
They are followed by, or, as far as their uppermost horizons are concerned, pass 
laterally into, deposits containing a flora which has been assigned to the Rhaetic; 
Taeniopteris lecleri Zeill., CkUhropteris platypylla Goeopp., Podozarnites distans 
Persl,,’ in many cases, however, its contracts with other formations are faults. 

de P. Cotter. Rec. LV, 282 (1923). 

* J. B. Serivemor. * ^Geology of the Malay State’ *, 62 (1931). 

*J. Coggin Brown. Bee, XLIV, 97 (1914). 

*J. Deprat. Mem. Serv. geoL Indo^Ohin, Vol. I, Fasc. 1,176<185 (1012). 

»M. Ed. Sawrin and M. Ch. Jacob. G. R. Acad. Set. Paris, CXCVII, 174(1933); J. Coggin 
Brown. Ree. XLVII, 229 (1916). 

*M. Valet. Bull. Soc. Oeol. France. Vol. Ill, Ser. 5, p. 46 (1933). 

*jrem. XLVII, 56-67 (1920). 
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AcoordiDg to Ur. Coggin Brown, the predominant types are reddish sandstones, 
often in thick bands, and purple and greeiush shales, producing a monotonous 
kind, of scenery pervaded by a Ught red clay soil. Near the T sang Shan granite 
intrusion, the shales have been metamorphosed to purple slates. The base is 
often characterised by a thick conglomerate with pebbles of red jasper, red and 
green porphyry and other rooks. The Bed Beds are of great economic importance 
by reason of the extensive deposits of rock-salt which occur in them at many 
places.' 

Belt between Puerh Fu and the Mekong.—In southeastern Yunnan, west 
of Puerh Fu and between that town and the Mekong, a belt of marine Trias and 
Bhaetic, from twenty-five to thirty miles wide, is in contact both on the west and 
on the east side with the Bed Beds.^ This belt consists mainly of calcareous 
shales disintegrating to soft, yellow marls, and grey-blue limestones, often with 
crinoidea and frequently characterised by calcite-bearing cracks; a yellow dolomitic 
limestone is found in places. From two or three localities the following Middle 
Trias fossils have been collected:— 

Sfongida— 

Steinmannia cf. utriculus Vin. de E. 

Aotikozoa— 

Thecosmilia of. cluthrata Emm., 

Spongiomorpha sp. 

Cbinotdba-- 

Enerinus of. liliiformis Miller. 

Bbachiopoda— 

Spiriferina (?)8p. 

Lamellibrakchuta— 

Entolium of. avhdemiama Miinst., 

Pecten bM, auhaliamana d'Oth,, 

Poaidonomya of. wengenaia Wissm., 

Oonodonap,, 

Anodontophora of. grieabachi Bittn., 

Palaeoneih of. aubtenella Krumb., 

Daondla Bittn. 

Gastropoda— 

Amauropaia of. paludinaria Munst. 

Cephalopoda— 

^ TraeihycerMsp,, 

? PUrotoceraa sp. 

From another part of the same belt (between Man-mu and Na-ku) the following 
Upper Triassic lamellibranchs have been identified 

' Pecten (Syn^cUmema) quotidianua Healey, 

Lima (PaJgioaUma) aff. nuda Parona, 

Pergamidia nahuanaia Eeed, 

Myaidioptera sp., 

Oerviliia of. ahaniorum Healey, 

„ 8anei%-gaU% Stopp., 

,, of. praecuraor Quenst., 

„ aff. parmai Broiii, 

Modiola frugi Healey, 

„ of. raibUana Bittn.. 


iJUrem. XLVII, 66-57 (1920). 

*Rae. UV, PI. 20,316 (1922). 

sp. B. Cowper Beed. Pad, Ind, Ntw Ser., Yol. X, Mem. 1,289 (1927). 
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Anodcniophora fnanmuensis Beed, 

„ of. ovdlta Parona, 

Oypricardia (?) of. garandi Mansuy* 

From yet another locality, beyond Huang-to-chai, in the same area, come the 
following which are also probably Upper Triassic:— 

Lambllibbanohuta— 

OasstaneUa beyrichi Bittn., 

„ of. verbeeki Krumb., 

OerviUia protraota Beed, 

Pinna aff. lima Boeham, 

Qcnodon of. mdlingi Hauer, 

Oardita sp., 

Gardium aff. martini Boettg. 

Gastropoda— 

Ooelostylina sp., 

Aomaea delicata Beed. 

Cephalopoda— 

Sirenitea aff. aenticosua v. Dittm., 

Anaiomitea sp. 

Belt tetween Ta-lu and Hsin-chuang. —^In north Yunnan another N.-S. 
belt of Trias and Bhaetic, over 40 miles in width, is exposed to the east of Li-kiang 
Fu, between Tal-lu and Hsin-chuang, and is traversed further south by the Yang- 
tze-Eiang. On the west it is in contact with the Red Beds, perhaps along a fault; 
on the east it is succeeded by a thick succession of diorites and associated rocks. 
The TriassO'Rhaetic succession consists of bands of limestones and shales, the 
latter sometimes yellow or white but mostly red or purple and in places with*' 
carbonaceous partings. Bands of sandstone are frequent and along one section 
form the dominant rock. One of the most interesting features of this belt is the 
occurrence of coal seams of good quality wWch are mined from a six-foot seam 
the Rhaetic plants mentioned above were collected. 

Exposures east and Southeast of Erh-hal. —^Perhaps continuous with the 
previous exposure are the patches of Trias (? and Rhaetic) found to the east and 
south-east of Erh Hal, a lake 70-100 miles south of Li-kiang Fu and carrying on its 
western shore the town of Ta-li Fii. These form part of the Mesozoic basin of 
Yunnan-i, in probably faulted contact on the west with the Lower Permian and 
contiguous on the east, perhaps also along a fault, with the Red Beds. The rocks 
comprise the same types as those found to the northeast in the Yang-tze-Xiang 
valley and include coal seams and carbonaceous shales in which plant remains 
occur. From Yunan Hsien in the Yunnan-i basin Sir Albert Seward has determined : 
Podozamites distans (Persl.) Braun., P. lanceohtus (L. & H.). Dktyophyllum 
sp. and OinTcgoites sp.; while in a collection from Miao-tsway, Prof. B. Sahni has 
recognised Equisetites sarrani (Zeill.), Pictyophyllum remauryi ZeilL, Z). ncUhorsti 
Zeill., Cycadites sdladini Zeill, and possibly Pehurdea zeilleri Sahni. The flora 
is much the same as that of the Hongay Beds of Tonkin, formerly regarded as 
Rhaetic but now placed by French observers in the Noric.^ Some dark calcareous 
shales have yielded fish remains, but from Miao-tsway a comparatively copious 
marine lamellibranch fauna was obtained by Coggin Brown and identified by 
Oowper Reed as follows 

Nueula airigUata Goldf., 

„ „ var. easienaa Beed, 

,, aubaequilatera Sohafh. , var. tawayanaia Beed, 

„ a£.auMUquad*Oth., 

M of. miaolanBia Jaw., 


iBee.LIV»78(1922). 
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Leda Lina) MaiiBuy, 

yunnantnaia Reed, 

„ „ auXcdkOa MAnet., 

„ of. alpina Winkler., 

Paiaiiot2o|>raeaciifa Kliptt., 

OwulUua {Moarod/on) of. imprtaaa Mdnet., 

OerviUta aff. pJanata Broili, 

„ aff. wagnari WInkl., 

„ (ffcBmMta) of. tnjfola Hanauy. ' 

Avieuka krumbeeki Reed, 

OcaaianeOa of. daeuaaakt Mdnst., 

, f of. gryphoaaUa Mdnst., 

„ of.dttoMia/liPatte., 

HalMa aff. miaaaenbachenaia Kittl., 

Myophoriopaia of. laUdoraata Ktumb.^ 

Pockyetargia (t) luirariaeformia (Knunb.), 

Myophoria aubveaiita Krumb., 

„ verbeeki Boettg., var. curia Reed, 

„ of. vo/ 2 t Freeh, 

„ of. napengenaia Hoaley, 

Myophorieardium of. lineatum Wohrm.? 

PecUn of. neret Mtinst., 

„ {Syneydonema) aubaecuiua Reed, 

Lima aff. angulata Mlinst., 

Myaidioptera of. incurvoairiata (Gfimb.) 

Cardita (Pdiaeocardita) globiformia Boettg., yar. hedleyi Reed., 

„ „ manauyi Reed, 

„ „ of. trapezoidalia Krumb.? 

Megalodon aff. klipateini Bittn., 

Bhaeiidia aff. zitteli Bittn., 

Dimyodon of. aubrickihofeni Krumb. 

This is an Upper Triassic fauna, as is probably also the small assemblage 
(Camic) collected from another locality in the same basin, including: Halobia 
cassiam Hojs., var. yunannensis Reed; H. charlyam Mojs., var. pluriradiata 
Reed; Hoferia sp., (Nuculana) aff. perhnga Mansuy, and Palaeoneilo suborbi- 
cularia Reed.^ 

To some undetermined horizon of the Trias belong some laminated, light grey 
limestones, with platy, dark greyish-blue bands showing impressions of bivalves, 
found by Dr. Coggin Brown about two miles below Lameng near the ferry across 
the Salween; among the fossils is a coral which Dr. Cowper Reed has determined 
as Thecosmilia aff. weberi Vin. de. Regny, a form found in the Trias of Timor.® 

Thus the Trias is well represented in Yunan, the Middle and Upper division 
by marine beds with a fauna which in the west consists essentially of lamellibranchs 
and is characterised by a rarity of corals and an almost complete and remarkable 
absence of cephalopods and brachiopods. A brachiopod facies quite different 
f torn the above has been found by Professor J. W. Gregory in the Upper Trias of 
Janula,® while the Trias of eastern Yunnan contains many cephalopods. 


1 Pel. Ind. Kew Ser. Vol. X, Mem. 1,244 (1927). 
«JB«e.LXX,1,180(1936). 

•Pkil. Tfdna. Soy. 8oc. Vol. 213, B., p. 269 (1925). 



CHAPTER XXII. 


THE GONDWANA SYSTEM OF THE PENINSULAR 

REGION. 

Introduction. Extent. Conditions of deposition. Thickness. Stratigraphical position. 
Peculiar distribution. Faulted boundaries. Accompaniments and complexities of the faultiv. 
Extent of original deposition. Pl^sicgraphy. Subdivision. A. Lower Goodwtaa: Dim. 
culties of olamcation; 1. Takhir serta: Takhir stage—General character—Boulder 
beds—Other peculiar types of rock—Thickness—Fossils—Mode of accumulation; II. Danmda 
aeries: Dednition and thickness; Fossils and correlation; Lithology; Mode of draositiop: 
Subdivision; Goal seems of the Damuda series; Fossil logs; The coal industry of India; 
Burnt outcrops; (a) Karhartmii Sub-atage-^lassidcatiory position—Lithology—Distribn- 
tion—Plant remains—Umaria occurrence; (i) Barakar stage—Lower boundary—Thickness— 
Lithology—Flora; (c) Ironstone Shales; (d) Ran^nJ stage—Damodar valley, Palamau, 
Sarguja and southern Rewah—^Areas outside the Damodar valley—Pali stage. Lower 
Gondwanaa of the Satpora area; Succession; Motur stage; Bijori stage; '*Almod beds.*’. 
Lower Gondwanas of the Mahaaadi basin. Kamthl beds of the Wardha-Godavari basin. 
III. Panchet series and Its equivalents; Panchet series of Bengal and Bihar ; Mangli beds 
of the Wardha valky; Parsora stage of Southern Rewah. Lower Gondwanas of the Garo 
mUSi Assam. B. Upper Gondwana : General relationships; Mahadeva series: Mahadeo Hills 
or Satpura region—^Distribution, structure and sub-division—^Pachmarhi stage—Denwa 
stage—Bagra **stage”. Godavari valley. Southern Rewa and Northern Saiguia* 
Mahanadi valley. Damodar valley and Count^ in a line lo the west: Tatapawi ; Hutar: 
Aurunga; Karanpura; Bokaro; Raniganj; Rajmahal hills. Rajmabal series. Basle 
Intrusive of the Damodar valley and other parts: Two phases; Mica peridotites; Dolevite 
and basalt. Sylhet Trap. Kota and Chiklala stages of the Godavari valley* Kota; Chikiala. 
Jabalpur series: Satpura region; South Bewah and Korea; Kotbiawar. Narlm of 
Cotch. Umia Plant Beds of Cutch. Ahmednagar Sandstone of Idar. Katkot sandstones of the 
middk Narbada. Nimar sandstone of the Lower Narbada. Wadhwan Sandstone of Kathiawar. 
Upper Gondwanas of the East coast; Coastal character; Distribution; Athgarh Sandstone of 
Cuttack; Ellore area; Ongole area; Madras area; Trichinopoly area; Ago of the East Coast 
beds. Gondwanas of Ceylon. Gondwanas in western Rajputana : Bap boulder bed; Lathi 
series; Barmer Sandstone. Gondwanas equivalents of Afghanistan: Saighan series. 
Gondwana equivalents in Burma. 

Introduction. —The Upper Palaeozoic and all but the upper stages of the 
Mesozoic sequence in other parts of the world are represented in the Indian Penin¬ 
sula, as they are in many other countries of the southern hemisphere, by a great 
succession of beds composed chiefly of sandstones and shales which, except for 
some exposures along the east coast and one exposure in southern Bewab, appear 
to have been entirely deposited in fresh water; whether the east coast exposures 
should be included in the term Gondwana has recently been questioned by the 
author. Bemains of animals are rare in these rocks, and the few which have 
been found belong to the lower vertebrate classes of reptiles, amphibians and 
fishes, with the addition of the phyllopod Estheria, and a few molluscs. Plant 
remains are much more plentiful, and evidence of several successive floras has 
been detected. It is by its plants that this vast range in time can be divided 
into two principal periods, an older characterised by the classic Ghssopteris flora, 
and a younger distinguished by a cycadaceous Ptilophyllum flora. The subdivisions 
of this great plant-bearing sequence were at first described under a number of 
local namea of which the oldest and best known are : Talchir, Damuda,^ Panchet, 

^ More correctly Talcher and Damodar, but the spelling in the text has become sterea* 
type by long usage for these geological subdivisions. 
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Mahadeva, Bajmahal and Jabalpur^ but the now well-known teim, Gondwana, 
has for many years past been adopted for the whole sequence. The significance 
of the expression is more that of an era than of a system ; the Gondwana foimation, 
in fact, is astride no less than five of the European systems, covering a similar 
number of Dr. Arthur Holmes’ SO-million-year cycles and in this way correspond¬ 
ing to a total of over 150 million years. It began with a glacial period in Upper 
Carboniferous times and closed soon after the beginning of the Cretaceous period* 
On account of its rich coal contents, which are mostly confined to its lower portions, 
this system—for a system it is convenient to call it—was one of the first to receive 
geological attention, and was, in fact, mainly responsible for the inception of the 
Geological Survey, of India in 1851. Prom the recent re-survey of the Indian 
coalfields by Sir Cyril Pox and his party, and from still later discoveries, the sub¬ 
stance of this chapter has been brought up to date. The term, Gondwana, is 
derived from the old name for the countries south of the Narbada valley, which 
were formerly kingdoms of the aboriginal tribe of Gonds and today spread over 
much of the Central Provinces. It is in this region of the Gonds that the most 
complete sequence of the formation under consideration is to be found. 

Extent. —As a whole, the Gondwana system has a wide extension in the Indian 
Peninsula. The majority of its outcrops are concentrated within a tract bounded 
on the north by the valleys of the Narbada and the Son and on the south by a line 
drawn from the sea at Masulipatam through Ehammamett and Warangal, and 
entering the Trap area near Nirmal, a town in the north of Hyderabad State; 
outside these limits the system occurs in smaller exposures. Some rocks containing 
plant remains and underlying Jurassic limestones in the desert between the Indus 
and the Aravalli range closely resemble portions of the Gondwana sequence in 
lithological characters; representatives of the highest Gondwana groups are 
found in Cutch, resting upon marine Jurassic rocks and capped by Lower Cretaceous 
(Aptian) beds; and what have in the past been referred to as members of the higher 
Gondwanas—in this case frequently containing marine fossils of Lower Cretaceous 
age^extend down the east coast. The best known outcrops of Gondwana rocks 
are in the Damodar valley and the Bajmahal hills of Bihar and Bengal, in the 
Peudatory States of Orissa, in Chhattisgarh, in Chota Nagpur, in the upper Son 
valley, in the Satpura range south of the Narbada valley, and in the Godavari 
basin. In the Extra-peninsular regions, the occurrences of this systena are some¬ 
what more limited but they have been detected in the Salt Bange of the Punjab, 
in the Hazara mountains, in Kashmir, in the Simla States and Garhwal, along 
the base of the eastern Himalaya, and in one spot apparently on the Tibetan side 
of the Great Himalaya range; in many of these localities, they include marine 
bands. All these Extra-peninsular occurrences have been described in the previous 
chapter. The equivalents of part of the Upper division of the system are present 
in the Shan States of Burma but, as they probably belong to a different palaeo- 
botanical life province, the term, Upper Gondwana, is applicable to them only 
in a taxial sense. 

Conditions of Deposition.— Omitting the banck with marine fossils, which 
in a few cases interrupt or replace the Gondwana sedimentation and which though 
homotaxial with parts thereof, do not belong to the Gondwana facies, the whole 
of this great system is believed to consist of strata deposited in fresh water. The 
few fish and reptiles which occur might have inhabited either lakes or rivers, the 
phyllopod crustaceans, which are common in several of the subdivisions, might 
have lived either in lakes or in the extensive pools and marshes which often occupy 
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80 large an area in broad river valleys, while the plant remains are drift material 
which might have been preserved in either lacustrine or fiuviatile deposits. At 
the same time, the coarseness of the rocks in general, the prevalence of sandstones,, 
and the frequent occurrence of bands of conglomerate, rerder it improbable that 
these strata accumulated to any extent in noimal lakes of any peimanency. Other 
physical characters of the sediments, such as the frequent alternation of coarse 
and fine beds, the repeated occurrence of current>marking on the finer shales and 
of current-bedding in the coarser sandstones, and the local denudation of the 
upper portions of a bed such as a coal seam, so commonly seen where a coarse 
sandstone has been deposited thereupon, are all consistent with the theory of 
deposition in a river valley. Lacustrine conditions, however, probably prevailed 
at certain times in certain places. The Mahadeva basin, for example, seems 
to have occupied a lake during a large part of the Gondwana era. The sediments 
of this basin are thickest in the centre where they form the Mahadeo range, and 
thin out to the east and to the west; furthermore, they show no signs of texture¬ 
grading along the length of the basin from east to west, but are very noticeably 
graded at right angles to the length, i.e., from north to south. The position of 
the Bagra conglomerates along the northern margin of the Mahadeva outcrops 
presupposes a rocky shore in this direction—a shore whose line was no doubt 
governed by the fault which, it is surmised, formed the approximate northern 
boundary of the basin. ^ 

Over most of the Indian Peninsular area and during most of the Gondwana 
era, we may visualise a system of wide river valleys, typical of a highly matured 
drainage, system, impressed upon a floor planed to an undulating surface by the 
action during the opening phase—a system of streams bordered and interrupted 
by extensive swamps which became transformed in periods of flood to temporary 
lakes. In such lakes aceummulated the finer and more persistent sediments such 
as the finer sandstones, the shale and the coal seams, the last derived from a forest - 
clad catchment area. The silting-up of these lakes would have produced alluvial' 
swamps in which the meandering river flung its rravels and coarse current-bedded 
sands. The nearest approach to these particular conditions in India today is 
perhaps seen in the jhih or swamps of Sylhet and Cachar, products of a heavy 
rainfall, an extremely moist climate and a drinage characterised by sections 
of very low gradient. Conditions of this kind, though probably not so extreme, 
prevailed probably throughout most of the Damuda period, but were succeeded 
by those of the Panchet climate which there is good reason to believe was an arid 
one. The Damuda sedimentation was preceded by the deposition of a glacial 
tillite which ushered in the Gondwana era and indicates the presence of vast ice* 
sheets. During that part of the era which immediately followed this glacial age, 
ice-caps on the adjacent highlands would have supplied much of the flood-water 
which carried down the coarser deposits to the alluvial tracts below. The arid 
conditions of the Panchet seem to have persisted during the Mahadeva period 
in the Satpura region, but were replaced by a moister climate in the Bajmahaf 
hills. In the Satpura region, the Jabalpur period was characterised by an increa¬ 
sed vegetation, but not so luxuriant as that which flourished during Bajmahal 
times in the Bajmahal hills. 

In facies, though not in time, the Gondwana, and especially the Lower Gon¬ 
dwana strata correspond to those of the younger Carboniferous of Western Europe 


^ H. Crookshank. Mem, LXVI, 269 (1936). 
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and the older Carboniferous of eastern Europe. Over the. Indian Peninsular 
area conditions throuighout the Gondwana era were generally quiescent except 
for the Bajmahal volcanic disturbance and a protracted localised faulting. There 
may have been slight changes in the coast-line, but these made no appreciable 
difference to the general distribution of land and sea in the Indian area through¬ 
out the era. 

TUckiiess. —The maximum thickness of the Gondwana subdivisions total 
Foughly some 20,000 feet, t.e., 10,000 feet in the case of the Lower division, and 
10,000 feet in the case of the Upper. The greatest total for the Lower Gond- 
wanas of the Baniganj coalfield (including the Talchir, Damuda and Panchet 
series) is approximately this maximum figure; in Jharia the original thickness, 
which probably included some sheets of basaltic lava, is estimated to have been 
nearer 12,500 feet. The greatest total for the Upper Gk>ndwanas in the Satpura 
region (including the Pachmarhi sandstones) is not more than 10,000 feet.^ Com¬ 
paring the total amount of sediment with the total length of time, the rate of 
deposition appears at first sight to have been abnormally slow; it is, however, 
necessary to remember that the sediments of this mainly fluviatile succession, 
were deposited intermittently, though perhaps rapidly throughout most cycles of 
deposition, with long periods of rest during which in some areas interformational 
•erosion is likely ^to have occurred locally. The small amount of discordance bet¬ 
ween successive subdivisions of the Gondwana system does not necessarily mean 
that the period of time which elapsed between the various groups was of small 
duration. This lesson is sometimes to be learnt from the fossil contents of the 
rooks and it may be surmised that further subdivision might be practicable in 
such groups as the Eamthi or Pachmarhi if the strata possessed a greater number 
of fossiliferous horizons. 

Stratigraphical position. —So far as the exposures of the Peninsula are 
concerned, the relations of the Gondwana to older and newer formations afford 
no precise information as to its stratigraphical position. In this region, no older 
fossiliferous deposits are known, if we except some obscure Cambrian or pre- 
Uambrian impressions in the Lower Vindhyan rocks and, wherever the Gond- 
wanas are seen to rest upon any older formation, there is complete unconfoimity 
between the two. Exposures of the Upper Vindhyan and Gondwana systems 
are never adjacent to each other, and the-latter has nowhere been found in contact 
with the former which is the next formation in descending order ; pebbles of Upper 
Vindhyan rocks, however, are occasionally found in the Gondwana sediments,* 
and there is no evidence for assuming that the gap between the two was not a 
large one. In the Pranhita-Godavari valley, the Talchir and Damuda formations 
to a large extent rest, unconformably, upon strata believed to belong in part to 
the Cuddapah and in part to the Kurnool (? Lower Vindhyan) series ; in the country 
south of Nagpur and in the Mahanadi valley near Sambalpur, the same members 
of the Lower Gondwana rest for short distances, with the same unconformity, 
upon beds assigned to the Cuddapah. In general, however, the Gondwana beds 
are found to have been deposited upon Archaean metamorphic rocks. 

With regard to their upper limit, the Gondwana rocks of the Peninsula are 
but rarely covered at all by a higher formation if we except the Decacn traps 
atnd their associated Infra-trappean beds of the Lameta group which rest uncon- 

> 0 S. Fox. ifem., LVIll, 103 (idSl). 

.* W. T. Btanfbrd. ATefti., IX, pt. 2,10 (1872); Mam, Ist Edit., 205 (1870). 
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fomably upon the various subdivisions of the Gondwana system from the lowest 
to the highest, In the Narbada valley and the Nagpur country. There are, however, 
four or five localities in the Peninsula where sediments with Cretaceous fossils 
rest upon or occur among Upper Gondwana beds. The first of these is in Cntch, 
where the Umia group, containing some fossil plants found also in the uppermost 
Gondwana beds of the Narbada valley, underlies a stratum containing cephalopoda 
of Aptain age. The second is situated in the Narbada valley near Barwai, where 
Bagh beds (Cenomanian or Albian) rest unconformably upon representatives 
of the Upper Gondwana. The remaining localities are near the east coast. One 
of these is in southern India, at Utatur, north of Trichinopoly, where beds with 
plant remains not much younger than those of the Rajmahal flora underlie the 
Utatur group (Cenomanian), unconformably in some places but in others with no 
apparent discordance. Another locality is situated near Ellore, where the Upper 
Gondwana beds cont ain plants of much the same age as those at Utatur and where 
marine fossils of Lower Cretaceous (Neocomian) age occur in the higher layers. 

In two other east coast localities, one north of Ongole and the other around Madras, 
outcrops of beds spoken of in the past as Uppw Gondwanas, ^ have ^ yielded the 
Bftinft plant assemblage very closely associated with marine fossils which have not 
been Sosely determined but which include ammonites probably of the same typo 
as those which date the beds at Ellore; the plant remains in that case would have 
to be regarded as derived. The continental conditions which prevailed to the 
west of this slightly shifting coast-line have persisted to the present day, a fact 
which makes it an arbitrary matter of convention as to where the upper limit 
of the Gondwana system should bo drawn. It is convenient to make the upper 
Umir. of this fresh-water system the base of the Lameta which, although itself a 
predominantly fresh-water formation, is more closely associated with the Deccan 
Trap than with the plant bearing Gondwanas. 

In places, the area of Gondwana rocks concealed beneath the Deccan Trap 
must be considerable. There is, for example, reason to believe that the 
Gondwanas of the Chhindwara district extend for some distance northeastwards 
beneath the Trap of Seoni and Mandla, and in the Wardha region there is little 
doubt that these lavas cover a large tract of the sedimentaries. 

A protracted re-examination of the plant remains fi»m the Lower Gond¬ 
wanas has resulted in the conclusion that the beds containing them are not to 
be assigned entirely to the Trias as Feistmantel suggested* in 1876, but range 
from the Upper Carboniferous to the end of the Trias. That the lowermost beds 
of the system with their plant remains fall within the Carboniferous is a deduction 
supported by the evidence of marine fossils in Australia and other parts of the 
w(Sd where the precise equivalents of the Gondwana system are recognisable 
and include the glacial boulder bod at its base. In India, the evidence is not quite 
so definite but, such as it is, it confirms the above conclusion. In the Umaria 
coalfield of southern Rewah, the discovery of a marine Lower Permian (“Permo- 
Carboniferous”) fauna in beds of Karharbari age, overlying the Talchir boulder 
bed the Upper Carboniferous age of the latter practically certain. In 

Kadunir, Oangamoptem and other typical Lower Gondwana genera are found 
in beds below the Zewan, a series containing an assemblage of fossils which cannot 
be younger than Permian and which is probably Lower to Middle Permian in age. 


Utu., IX. 28-42 (1876). 
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In Easbmir, the OaTigamoptem beds overlie the Agglomeratic Slate, a series con¬ 
taining marine fossils of Uralian age and not improbably including an equivalent 
of the Talchir boulder bed; this favours the inclusion of the latter within the 
Upper Carboniferous and the allotment of the Oangatnopteris beds to the Artins- 
kian or Lower Permian. In Spiti, the believed equivalent of the Zewan series 
overlies a conglomerate which has been equated by some with the Qondwana 
boulder bed, but which is more probably Lower Permian. In the Warcha area 
of the Salt Range, the Oangamopteris flora has been discovered at the top of the 
Lower Productus Limestone, a subdivision referred on account of its marine fossils 
to the Lower Permian.^ Below this is the Nila wan series, at the base of which 
is the ubiquitous glacial boulder bed ; the beds immediately above the latter have 
yielded a fauna unmistakably equivalent to one found about the middle of the 
Lower Marine series (Upper Carboniferous) of Australia. The above plant horizon 
has been met with in several other localities in the western Salt Range. Recently, 
some carbonaceous shales, 25-28 feet thick, separated by some 9 feet of sandstones 
and sandy shales from the Talchir boulder bed near Eathwai, a village in the western 
parts of the Salt Range, have yielded identifiable impressions of Olossopteris and 
other plants, together with a few small lamellibranch casts; this occurrence is 
700-800 feet lower in the scale than the Warcha flora, and is one of the lowest, 
if not the lowest, at which Gondwana plants have been found in India. 

Peculiar distribution. —The manner in which the exposures of Gondwana 
rocks are distributed throughout the country is peculiar. As a general rule, these 
rooks are found occupying basin-shaped depressions in the older formations— 
depressions aligned in sets, each of which lies more or less closely along a river 
valley or what may have been a more ancient position of the same valley. Sub¬ 
ordinate and isolated outcrops scattered over the surface of the neighbouring 
country are merely the undenuded remains of strata which were at one time con¬ 
tinuous with those of the main basins and covered a much larger area. There 
is very little doubt that the isolated exposures in each single river valley also 
originally formed one continuous outcrop. The Damodar valley coalfields, for 
instance, are regarded as isolated remnants of an once continuous Gondwana ex¬ 
posure which stretched as an unbroken strip across the ancient land-masses of 
Bengal and Bihar and reached westwards as far as southern Rewah. On Panchet 
Hill in the Raniganj coalfield and on Lugu Hill in the Bokaro field, that is to say, 
oast and west of the Jharia field in the Damodar Valley, are found sandstones 
belonging to the Panchet and Dubrajpur series, each of which once formed a con¬ 
tinuous sheet from Bokaro to Raniganj across Jharia.* The Rajmahal and 
Birbhum outcrops may once have joined up with the Damodar valley exposures. 
Of the Gondwana exposures of the eastern Himalaya we know nothing except 
that, like those of Kashmir and the Salt Range, they denote sediments laid down 
olose to a coast. Mallet was of opinion that the Himalayan outcrops were at one 
time continuous with those of the Rajmahal hills.* 

Although there are some grounds for assuming that the drainage along the 
old Damodar river flowed eastwards, it does not seem to have had its origin, in 
the great watershed of the Aravalli range, for in a westward direction the line 
of the valley joints the vast Gondwana tract of Sarguja and southern Rewah whose 
western extrexnity was a coastal area at a very early period of the Gondwana era» 

^ F. R. €k>wp«r Reecb G. de P. Cotter, ft R. M. Lahiri. i?ec., LXII, 424 (1929). 

* 0. S. Fox. ftTem., LVI, 23 (1930). 

* Mem., XI, 32,33 (1874). 
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This coastal area, with its marine fossils, intervenes, in fact, between the line of 
the Damodar valley and the Aravalli. The question is beset with difficulties 
but if the Damodar river of Gondwana times flowed eastwards, it must have risen 
from some portion of the ancient ridge of gneiss which occupied the Hazaribagh 
plateau and stretched thence westwards or W.S.W.’ wards through manda. 

Two alignments of basins, similar to the alignment of the Damodar valley 
basins, are clearly discernible Is cwhere, one along the Wardha-Godavari valley 
and the other along the valley of the Mahanadi and Brahmani. In these cases 
matters become still more involved, since the Mahanadi alignment meets the 
Damodar alignment in the large Sarguja-Bewah exposure. Not only do these 
two alignments converge upon the Sarguja-Bewah tract, but the latter is in all 
probability continuous to some extent beneath the Trap with the Satpura exposure 
of Gondwanas, and towards the latter converges also the alignment of the 
Godavari outcrops. The general convergence of all these alignments is not in itself 
incompatible with the idea of drainage towards the west and northwest in the 
direction of the old Bewah coast and the Satpura area, and this is the view 
favoured by Sir Cyril Pox in the case of the Mahanadi and Godavari.^ At the 
same time, the main watershed of the Indian portion of the Gondwana continent 
must still have been the Aravalli range, some distances west of the Satpura 
region, and we know definitely that towards the end of the Gondwana 
era one of the coast-lines of Gondwanaland coincided closely with the 
present Coromandel coast. If the drainage of the Mahanadi and 
Godavari were ever northwestwards, therefore, it must have undergone a 
complete reversal during Gondwana times, a hypothesis which is not easy 
to accept. It seems at any rate equally justifiable to assume that the drainage 
of the old Mahanadi and Godavari was in the same direction as it is to-day 
towards the southeast, and that the distribution of watersheds was not a simple 
one. The ice-sheets of the Talchir epoch would have planed down many of the 
minor hill features of the country and have filled up many of the valleys with 
debris. The result might well have been a monotonously undulating country- 
aide with marshes and lakes interspersed here and there and no marked drainage 
tendencies. 

Faulted boundaries. —A conclusion now generally accepted is that all surviv¬ 
ing basins whose outcrops are bounded by an abrupt line cutting them off on one 
side or both sides—and these, as will be seen, constitute a very large majority of 
the basins known—owe their preservation from denudation to a disturbance of 
their originally horizontal position and to their depression to a lower level than 
neighbouring portions of the same strata; in other words, their preservation is 
largely the result of faulting subsequent to the deposition of the beds concerned. 

A few instances will suffice to illustrate the phenomena presented by these 
•disjointed outcrops. In the Damodar valley, the detached basins of the Baniganj, 
Jharia, Bokaro and Earanpura coalfields extending in a straight line from east to 
west in low ground along the banks of the river—and, skipping the Aurunga field, 
•one might add the fields of Hutar and Tatapani—all present certain pecuharities, 
In the first place, and in a general way, all outcrops are cut off abruptly along the 
southern edge; secondly, there is a general dip of the rocks from north to south; 
thirdly, the lowest subdivisions appear along the northern side of each basin; 
and fourthly, the abrupt southern boundary is a straight or nearly straight line 
ooinciding with a fault of normal but somewhat complex character. Geological 
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relations of a similar kind exist in many other areas. Thus, in the great basin 
of southern Bewah and Sarguja, and again in the Satpura area south of the Nar* 
bada, the rocks dip as usual from one side of the basin and are cut off on the other, 
but in these cases the general dip is to the north and not to the south, and it is 
along their northern border that the beds are abruptly truncated. The large 
fault along the northern margin of the Satpura area or Mahadeva basin seems 
to have marked a line along which a late fracturing was responsible for the forma¬ 
tion of the Narbada valley, though both the fault and the fringe of Gondwana 
sediments to the immediate south of it are now concealed beneath the river alluvium; 
whether any Gondwana beds were ever deposited over the tract now lying to the 
north of the fault, it is impossible to say, since the same alluvial deposits stretch 
for some distance in this direction. In some cases, notably in the northern part 
of the area occupied by so large a portion of the Godavari valley, both boundaries— 
in this instance directed nearly N.W.-S. E.—are stright, abrupt and nearly 
parallel; they are obviously examples of trough faulting. The Talcher field is 
another instance in which the Gondwanas have been preserved in a trough 
between two boundary faults; northwestwards, it is followed by another tract 
whose southern boundary is also a large northwardly-throwing fault. In the 
Giridih coalfield, ^here are three major faults, all parallel to one another, two 
forming the boundaries north and south, and the other extending down the 
centre. 

The exact orientation of the abrupt boundary of Gondwana basins varies, but 
there is a tendency for it to remain approximately constant throughout each align¬ 
ment or set of basins; in other words, the faulted boundaries of adjacent basins 
in the same alignment are more or less parallel to or in line with each other. When 
the faults of two adjacent basins are in line with each other, traces of the disloca¬ 
tion can sometimes be made out in the intervening patch of metamorphic rocks, 
indicating an apparent continuation of the fracture from one basin to another. 
In such cases, however, it is important to note that the throw of such apparently 
continuous faulting reaches a maximum at the centre of each basin and may be 
relatively negligible across the intervening gneissic tract; in other words, the 
faulting along each alignment of basins is of a switchback nature, the throw, rising 
and falling at intervals whose frequency depends upon the number of basins along 
the alignment. This conclusion is warranted, not only from the linear arrange¬ 
ment of the faulted basins, but also from the basin-like or concentric distribution 
of the outcrops of successive Gondwana stages in each basin. There are even 
certain appositions of outcrops which are best explained on the assumption that 
a fault, when traced along its course, changes its direction of throw. The faulted 
boundaries of the basins are not always completely exclusive, and even the lowest 
members of the Gondwana formation are sometimes found as outliers outside 
the boundary fault, as, for example, in the Bokaro area, when small patches of 
qialchirs and Barakars occur beyond the northern faulted boundary. 

Accompaniments and complexities of the fanlting.—-The faults just 
described are almost invariably accompanied by considerable disturbance of the 
beds in their neighbourhood, and are often marked by shearing, induration, silicifi- 
cation, and sometimes by brecciation; this is well seen in the Banigan] field. Along 
the boundary of the Talcher field, and on the eastern portion of the northern 
boandany of the Sohagpur filed, the plane of the fault is chaiaeteriaed by a br^a 
containing fragments of the Gondwana sandstones. Hot springs are ooniiected 
with the faulting in the Aurunga and the Tatapani coameUs. The frequent 
intrusion of basic igneous rock along the fault-planes is a matter which witt receive 
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farther attention. Additional evidence of the stresses which have imposed present 
structures on the rocks of the coalfields is seen in the veins of white cellular quartz 
which in places intersect the Talchir sandstones as well as the Archsean rocks 
immediately outside the limits of the fields to the northeast of Dhanbad, for 
instance, a noticeable ridge of gneiss traversed by vein quartz and situated in a 
line with the large fault forming the southern boundary of the Baniganj coalfield, 
is thought to mark a continuation of the fracture.* Sometimes one of these 
large faults can be seen to fork; along the northeastern edge of the Talchir field 
for example, the fault branches, and in the fork between the branches is exposed 
the Talchir or lowest Gondwana stage faulted on the one side against Kamthi 
beds which belong to much higher horizons of the Gondwana system, and on the 
other against Archscan gneiss. 

There are various complexities in these boundary faults, which are hardly 
ever seen to be simple, clean-cut fractures. Sometimes the main fault is ‘‘stepped” 
by small cross faults ; this is well seen in Raniganj where the abrupt southern 
boundary is in reality a series of large strike faults arranged en eo^ielon and com¬ 
plicated by a number of cross faults.* In the lower portion of the Godavari tract 
west of Sironcha, the boundary is echelonned in a simpler manner by a series of 
three or four parallel strike faults. Faulting, sometimes on a considerable scale 
has occurred within the basins themselves and is a great draw back to coal-mining. 
In the Jharia, Bokaro and Karanpura coalfields, the greater amount of faulting 
in the western parts of each field has resulted in the Barakar coal seams having 
attracted less attention than they have in the eastern parts.^ The coal seams of 
the Tatapani-Bamkola field have suffered severely from faulting. Many of the 
minor cross faults of the Indian coalfields appear to be mere adjustments of the 
more yielding strata to the major deformations. In the Karanpura field, many 
of the faults are described by Dr. Jowett as having a horizontal as well as a vertical 
component, and as suggesting “a kind of twisting or screwing effect”.® The 
rapid way in which the Gondwana faults increase or decrease in throw or die out 
when traced laterally has been noted in the cases of the Giridih and Betul areas ;• 
in the former field, some of them have been observed to change the direction of 
their hade in a short distance. There appears to be the same rapidity of change 
vertically, for faults in the lower coal seam of the Giridih field are sometimes not 
found at all or are found with a much smaller throw in the upper seam, which 
must mean that the displacements in the upper horizons have been distributed 
along more than one plane of movement. 

The impression produced by a study of the complexities and irregularities 
that characterise the Gondwana faults is that the rocks yielded along lines not 
quite at right angles but some what oblique to the direction of the stress which 
produced them. In fact, the strike of the basins and of their faults seems to 
have been governed in many cases by the foliation or strike of the gneisses schists 
and other rocks on which the Gondwanas lay, rather than by the precise direction 
of the earth movement which affected them. There is often a general parallelism 
between the basins, their alignment and faults, on the one hand, and the foliation 

1 E. R. Gee. Mem,, LXI, 29 (1932). 

* C. S. Pox Mem., INI, 14 (1930). 

» E. R. Gee. Mem., LXI, 24, 26 (1932). 

« O. S. Fox. Mem., LIX (1934). 

* 141(1926). 

, W. Saise. Hec., XXVII, 90-91 (1894); Gen. Rept., Etc., LIX, 88 (1926). 
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or strike of the ancient rocks which form their floor, on the other. Sir Lewis 
Feimor has noted that the coalfields of Palamau and the Damodar valley are 
aligned in conformity with the average E-W. Archsean strike. A similar con¬ 
formity can to some extent be made out in the Mahanadi valley, where the direc¬ 
tion is approximately W.N.W.-E.S.E., and in the Central Provinces, where it is 
E.-W. In the Oodavari area it is the later rocks of the Purana (Vindhyan) or 
Kurnool system which cradles the Gondwanas, and the parallelism between the 
two is marked. It seems likely that the Gondwanas and the floor rocks on which 
they reposed responded to disturbing forces along the lines of least resistance, 
which would have been the foliation planes or joints of the older rocks. Such a 
conception affords a simple explanation of the appreciable difference in strike 
between the alignments of different seta of Gondwana basins and their fault sys¬ 
tems, and makes it easier to understand some of the complexities in the latter 
enumerated above. 

Although the greater part of the dislocation, of which the faults are evidence, 
must have been caused by tensional stresses, the Gondwana strata have also 
been affected by compressional impulses sufficient to warp them into folds and 
to produce local thrusting and shearing.^ In the Denwa-Pachmarhi basin of 
the Mahadeo hills, three or four anticlinal axes are discernible parallel to the faults.* 
On the whole, the tensional seem to have preceded the compressional stresses, 
but there appears to have been some oscillation between the two, for there is 
reason to suppose that, not only faulting of tensional origin but also plication, 
which is a compressional feature, commenced before the end of the Gondwana era. 
An sample of the latter is quoted by Crookshank as occurring in the Mahadeo 
hills. Here a conspicuous northerly dip characterises the Bijori and Pachmarhi 
rocks, but is not marked in younger Gondwana (Jabalpur) beds and is rare in the 
flows of Deccan Trap ; such a dip, therefore, must be due for the most part to post- 
Pachmarhi, pre-Jabalpur movement; some of the dips in the Bijoris, moreover, 
are not reflected in the overlying Pachmarhis.* Speaking generally, the Talchir 
rocks of this area, ue. those belonging to the oldest of the Gondwana subdivisions, 
appear to be more considerably folded than those belonging to any of the higher 
stages of the system.* 

On the assumption that faulting began before the end of Gondwana times can 
be explained certain peculiarities of the Satpura field, where some of the uppermost 
Gondwana beds overlap the faulted boundary and are obviously younger than 
the fault; along the northern boundary of this basin, however, there is in many 
places a complicated system of faults with downthrow to the north, and most of 
the dislocations are younger than the first flow of the Deccan Trap. Again, 
near the fault which bounds the northwestern edge of the Umaria coalfield in 
the State of Rewah, there is intensive overlapping by the *‘Supra-Barakar” 
beds on to the Earharbaris and finally on to the Talcmrs; this overlap, which 
increases in the upper horizons of the Supra-Barakars, is not seen in the more 
remote parts of the coalfield. Gee’s deduction is that the faulting in this area 
coopienced previous to the deposition of the Earharbaris and continued more 
actively during Supra-Barakar sedimentation.* One of the clearest cases of faulting 

* 0 S. Fox. Jfem^ LVl, 152 (1930), 

* Gen. Rep., Rm., LIX, 86 (1826). 

* H. Croofa^ii^ Jfem., LXVI, 217-218 (1936). 

* Ibid,21C ,' \ 
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older than the Upp^ Gtondwana sedimentation but younger than the Sarakar 
epoch is observable in the Visrampur coalfield in the middle of Sarguja. Here» 
an interrupted strip of Talchirs along the south of the field is faulted to the north 
against Barakar beds, and along the south against Archesan gneiss and Barakars. 
Over part of this Talchir outcrop lies unconformably a patch of Upper Oondwanas, 
probably of Mahadeva age; this patch not only covers the whole breadth of the 
Talchir strip but overlaps the northern fault on to the Barakars and the southern 
fault on to the gneiss. In the Chanda area, Fox concludes, faulting occurred 
after the deposition of the Chikiala beds, which are probably of late Jurassic age, 
and before the Infra-trappeans of Pisdura were laid down. 

Evidence is clear, therefore, that in any one set of Gondwana basins, the 
faulting was not always confined to one particular plane of fracture, nor was it 
always restricted to one particular time phase. At the same time, much of the 
dislocation undoubtedly took place towards the end of the Upper Gondwana 
period, i.e., in late Jurassic or early Cretaceous times, and it is not improbable 
that movement along these planes of fracture lingered into the Tertiary era. 

It is interesting to note that a direction somewhere between N.-S. and N.E.rS.W' 
for the stresses which affected the Gondw^ana rocks fits in well with the average 
orientation of the sets of Gondwana basins and their major faults, and that along 
a similar direction the great Himalayan movement commenced, if not before, 
certainly not very long {ifter the end of the Gondwana era. Most of the major 
Gondwana faults were initiated, it is presumed, long before the commencement of 
the Himalayan movement, but the old planes of fracture may well have served for 
any additional dislocation which the Himalayan movement is likely to have caused. 
The fact that many of these planes were not quite at right angles to the direction 
of this later stress may account for the “twisted or screwedV condition of the rock 
in contact with some of the faults, for the staggered fracturing, for the step-faulting, 
and for other complexities,. It was not doubt the later stress which alternated 
between tension and compression. The Himalayan movement was one of com¬ 
pression, caused by the northward drift of the Indian Peninsula in the direction 
of Tibet. On the other hand, the Gondwana faults are for the most part of normal 
type, and therefore initially and essentially tensional phenomena, though some 
of them may have been reversed subsequent to their initiation. The presence 
of tensional fracturing as an accompaniment to compressional movement at 
first sight seems contradictory, but may perhaps be explained in the following 
way, in the language of the continental drift theory. While the northern edge 
of the northwardly-movimg, Gondwana continent became buckled up with the 
Tethys sediments, and a deep belt of down-warping behind this buckled margin 
produced the Indo-Gangetic trough, another broad belt behind the trough, embrac¬ 
ing most of the Peninsula, must have suffered a broad parallel upwarp. The 
effect of such an upwarp, extending across the breadth of the Peninsula, would 
have bee'n a tension in the more superficial layers and the ultimate production 
of fissures deep enough presumably to tap the underground reservoirs of the Deccan 
Trap magma. This upward warping and its subsequent partial and intermittent 
subsidence might explain some of the peculiarities in hade and throw of the Gond¬ 
wana faulting. It can hardly be expected that the mutual approach of the Gond¬ 
wana and Angara continents could have taken place without a certain amount 
of deformation and disturbance within the continental massifs themselves. Up- 
miping of epirogenic proportions is known to have occurred in the Angara con¬ 
tinent, and basic lava flows of the widespread Trap formation of Siberia are said 
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to have begun in the Cretaceous and to have continued during the Tertiary period. 
The Qondwana faulting may have been facilitated by intermittent recoils which 
one continent drifting against the marginal sediments of another might be supposed 
to make during its invasive progress. The faulting which preserved the 
Gondwana basins in India appears to have no close parallel in South Africa, where 
there is no structural equivalent of the Himalaya and where no extensive faulting 
seems to have taken place till Middle Cretaceous times. 

Extent of original deposition. —Some of the above considerations lead up 
to the question whether deposition was limited to the river valleys where remnants 
are now seen, or whether the surviving Gondwana occurrences are portions of a 
continuous outcrop which covered a large proportion of the Indian Peninsula 
and stretched beyond it in certain directions. On frima Jade grounds, the deposi¬ 
tion of a system of such great thickness along riverine belts could scarcely have 
had the narrow limits it exhibits to-day. Such an ideal is tenable only on the 
assumption that local subsidence along one side of each major fault commenced 
with the Gondwana era itself and continued fad passu with the accumulation 
of its sediments. The main feature against this hypothesis is the order in which 
the various stages of the system crop out, the youngest next to the fault and 
each older stage following in more or less regular successive belts away 
from the fault until the lowest is seen forming the margin of the field—an 
irregular margin because of the unevenness of the floor of ancient rocks 
on which it unconformably lies. Had faulting and the local subsidence 
consequent thereon been continuous throughout the whole era, or taken 
place principally during the earlier epochs, the result would have been a 
regular successive overlap of the various stages away from the fault, but, 
while such successive overlap is not uncommon among the Gondwana stages, 
it bears no constant relationship to the faulting. Allowing for the fact 
that the total thickness of some 20,000 feet of strata is an aggregate of maxima 
and must be far in excess of the total deposition in any one spot, we should expect 
the Gondwana deposits, previous to the enormous amount of denudation they 
must have subsequently undergone, to have covered a much larger surface of the 
Peninsula than they do now, and there is evidence that they did so in the presence 
of outliers outside the main outcrops. Both Talchir and Damuda beds, for example, 
are found on the Hazaribagh tableland, immediately north of the Damodar valley, 
at a height of about 1,000 feet above the surface of the same rocks in the valley 
itself; since the throw of the fault in the Jharia basin is 5,000 feet and in the 
Baniganj basin as much as 9,000 feet, it seems possible that the difference in level 
is due entirely to the faulting. The dip in the Jharia field if prolonged northwards 
would pass the Gondwana rocks over the gneissic top of Parasnath Hill, which 
is 4,480 feet above sea-leveP, t.e. betvreen 3,700 and 3,800 feet higher than the 
average elevation of the coal basin. 

To admit that the Gondwana formation at the end of its deposition covered 
an area many times as great as that to which its outcrops have since been reduced 
by denudation, is, however, not to presuppose that their outcrops were continuous 
over the wnole of the eastern or any other portion of the Indian Peninsula or over 
the Arohsean tracts which now separate the lines of basins. There is no reason 
to believe, for instance, that the Gondwana deposits of the Mahanadi valley were 
ever continuous across wL^t are now the Eastern Ghats with those of the Godavari, 
nor is there any evidence to show that the Mahanadi outcrops were ever united 
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with those of the Damodar valley over the uplands of Bonai, Keonjhar, Mayur- 
bhanj and Singhbhum. The magnitude of the overlap which often characterises 
successive Gondwana stages is evidence against deposition on such a widespread 
scale. Stages of the upper division of the system, for instance, are in many places 
to be seen lying directly upon the gneissic and other ancient rocks; where two 
such occurrences are separated from each other by lengthy tracts of elevated 
country bare of Gondwana outliers except in the immediate neighbourhood of 
either Gondwana basin, it is logical to conclude that the lower stages at least 
were never continuous across the intervening tract which has persisted to the 
present day as a watershed. The coincidence of the modern river valleys with 
lines of Gondwana outcrops teaches us nothing conclusive in this respect, for it 
might be due simply to the fact that the Gondwana beds, being much softer than 
the surrounding Vindhyan, Cuddapah or Archjean rocks, have been selected 
by the rivers as their easiest channel to the sea ; in other words, the existing 
drainage of the east coast, so far as it coincides with the distribution of the Gond¬ 
wana rocks, might have been determined merely by the disposition of those rocks 
produced by disturbance and denudation, and may have no necessary connection 
with their original areas of deposition. 

The most accurate picture of Gondwana conditions is probably a compromise 
between two extreme views, and leads to the conclusion that deposition during 
Gondwana times was restricted to certain broad and extensive valleys, two or 
three of which can be recognised today in the surviving remnants of river silts 
whose distribution is interpreted by some as indicating an easterly or south¬ 
easterly course towards the open sea which we know covered Burma. Assuming 
that the Gondwana sediments were for the most part deposited by rivers, it is 
only natural to expect some concentration of such deposits along lines representing 
the courses of the rivers. The straightness of the Gondwana belts and their invari¬ 
able disturbance by faulting parallel to the general direction of the belt suggest, 
in the first place, that the rivers had a generally straight trend and secondly, that 
the faulting or fracture commenced before the deposition of the earliest Gondwanas 
and, in fact, provided a line of easy erosion for the initiation of the rivers. Had 
the faulting been entirely subsequent to and independent of the Gondwana sedi¬ 
mentation, we might expect some of the fluviatile belts to bo devoid of such distur¬ 
bance, just as we might equally expect to find lines of faulting and fracture out side 
the country occupied by the Gondwana belts. 

In reviewing the course of Gondwana events, we start with the movement of 
the glaciers and ice sheets of the earliest Gondwana epoch over a land area pos¬ 
sessing a more or less matured drainage system. It is not to be supposed that 
this drainage system was obliterated, or the relative position of valleys and high¬ 
lands appreciably altered, by the Talchir ice sheets whose chief effect must have 
been to plane down the smaller and sharper physiographical prominences of the 
valleys down which they moved, scouring their surface into the uneven hum¬ 
mocky floor which is so characteristic of the basal limit of the formation. The 
river silts which followed the melting of the ice were presumably deposited in the 
same broadened and debris-filled valleys, the earliest deposits sometimes around 
^'islands” of metamorphic rocks, as for example in the Karanpura area. The 
major faulting took place in interrupted sections along these valleys, and the 
locus of deposition was preserved, chiefly by the continued faulting but partly 
by the easily eroded basins of soft sediment so preserved. An acceptance of this 
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tentative recomtraotion would lead to tlie conclusion that many of the valleys 
of today were theze from the commencement of the Gondwana era and have pro* 
bably swerved to no marked extent from their original alignment. The greater 
part of the original gneissic floor of each valley, on the down throw side of the fault¬ 
ing, now lies buried beneath thousands of feet of sediment; in valleys like the 
Damodar, it rises and falls along the downthrow, sinking in some of the basins to a 
depth of several thousand feet below present sea-level. 

Physiography. —The tracts of country occupied by rocks of the Gondwana 
system are, as a rule, covered with a poor sandy soil ill suited for cultivation 
the result being that in many parts of India they form wild uninhabited forests. 
The Upper Gondwana rooks are principally sandstones and decompose readily 
into loose sand which covers the surface and conceals the country rocks beneath. 

Subdivision. —Remembering that the Gondwana sediments were laid down 
in fresh water, either by large rivers swinging from one side of the wide valleys 
to the other, or in temporary lake basins fed and drained by the rivers, it is not 
to be expected that synchronous deposition was of the same kind in the various 
basins, for this reason, the groups of which the system is composed vary greatly, 
both as regards number and mineral character, in the several more or less isolated 
areas in which they are found, the variation being much greater amongst the 
middle and upper than amongst the lower members of the formation. The only 
generalisations that can be made with any degree of safety are that, whilst in 
many cases the upper stages are composed chiefly of coarse sandstone, grit and 
conglomerate, the two lowest, the Talchir and Barakar, consist largely of shales 
and preserve their mineral character almost unchanged throughout the are a in 
which the Lower Gondwana beds are known to occur. 

The system may be divided into a Lower and an Upper division, the distinc¬ 
tion having been first established in western Bengal and Bihar, where it is of a 
trenchant nature, characterised by a marked stratigraphical discordance, by an 
almost complete absence of any plant species common to the two divisions, and 
by a pronounced change in the type of the fiora. Equisetaceous plants prevail 
in the Lower, and cycads and conifers in the Upper division, while ferns are com¬ 
mon to both. Some Eeuisetaceae, it is tree, occur in the Upper Gondwanas 
and several species of cycads and conifers in the Lower, but the genera are in 
most cases distinct in the two divisions. The break took place at the end of the 
Triassic (Panchet) period. The Olossopteris flora, which began to flourish in 
Talchir times (Upper Carboniferous) and became so typically developed in the 
Damuda series (Perimtan), gave place after the Panchet period to the Rajmahal 
or PUlophyllum flora of the Upper Gondwanas, the labyrinthodont fauna ranging < 
across the break.^ This change corresponded with a change in climate. The 
Olasaoptefis floras, which flourished in a damp, comparatively cool climate, faded 
during the warmer, arid conditions of the Panchet perid and had practically 
disappeared before the age of the Maleri {? Bhaatic) reptiles. Over a large section 
of the Mahadeo, one of the Satpura ranges, Grookshank records a marked break 
between the Lower and Upper Gondwana, indicated by a sudden change in the 
nature of the organic remains; in some parts of this area, however, there is no 
sign of a stratigraphical unconformity between the two.^ In south Bewah, the 
stratigraphical break is said to be not well marked, and floras bridging to some 
extent the gap in Bihar and western Bengal have been found. 


I yii% 0. S. Fox. Jfem., LVIH, 7 (1931). 

« H. Crook shank, Jim., LXVl, 309 (1936). 
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Tlie following table (p.924-925) depicts the general sequence and the mutual repre¬ 
sentation of the various subdivisions in diizerent parts of India ; from what nas 
been said above, it will be readily understood that some of the subdivisional boun¬ 
daries are to a large extent artificial and of little more than loacal value. In this 
work, Sir Cyril Fox’s classificatory scheme has been adeopted with minor modi¬ 
fications, the chief being that the Parsora stage has been given a place within 
the Panchet series, to some part of which it may correspond if all the plant 
remains attributed to it come from the same group. ^ 


A. LOWER GONDWANA. 


Difficnlties of classification. —The Glossopteris flora ranges from the Talchir 
(Upper Carboniferous) to the end of the Panchet period (Trias), t.e., to the end 
of the Lower division of the Gondwanas.® The uncertain phytological position of so 
many of the fronds and other vegetable relics, including such typical and 
abundant forms as Glossopteris itself. Vertehrariaj Gangamopteris, Sphenopteris, 
Peopteris and others, adds an element of difficulty and inconclusivenesa to the 
scheme of classification adopted for the Lower division.* Several of the names 
retained in this work for convenience are suspected of being synonyms for the 
same plant. Vertebraria, {or instance, is almost certainly the rhizome of 
Glossopteris, a name which has been applied solely to leaf fronds.* The fruit 
Samaropsis, so called on account of its resemblance to the winged ‘'samara” of 
the modem elm, has been found in the Talchir, Karharbari, Raniganj and 
Panchet stages in association with the leaves known as Cordaites {Noeggerathiop* 
sis) and Gangamopteris, though never in direct organic connection with either ; 
it is quite possibly the fructification of one of these two forms. 


*Dr. Cotter, in his revised scheme {>Ree., XLVIII. 23 (1917), prefers to draw the boundary 
between the Lower and the Upper Goiidwana a stage higher up, ».e., a little further from the 
line of division between the Paleozoic and Mesozoic. In the present state of our knowledge 
and in view of the rarity of plant remains in the disputed stage, there is very little to choose 
between the schemes of Dr. Cotter and Sir C3rril Fox. The provisional adoption of the latter 
has been made chiefly because it tallies more closely with the old scheme and for that reason 
avoids confusion in statements regarding the Upper and Lower rlivisions of the system, especially 
statements concerning organic remains. It is, moreover, the most recent scheme evolved 
as a result of an extensive and protracted re^survey of the Indian coalfields. 

Dr. Cotter's scheme would place the Maleri and Tiki beds, and therefore also the Denwa* 
Bagra beds at the top of the Lower division instead of at the base of the Upper. Since the 
Pachmarhis are closely associated with the Denwa-Bagra sequence and if an^hing, are older 
they would also have to be brought down into the Lower Oondwanas and correlated presu¬ 
mably with the Panchet series. Possibly the Dubrajpur beds of the Rajmahal area and Damo. 
dar valley would also have to be brought down into the Lower division, in such a scheme. 

* The reported occurrence of a few specimens of Ohasopteria in the Jabalpur series near the 
top of the Upper division in the Satpura, accompanied in the same piece of rock by Oinkgoitas 
IcSaia and CtadopMebia danticulata (** Alethopteria Aaplanium whiibyenaia ”) is almost certainly 
a mistake. Pal. Ind. Ser., XI, Vol. II, Pt. 2, p. 90 (1877). 

• Fide B. Sahni. Proc, 8th Ind. Sei. Congr., J. A. S. B., New Set., XVII, No.4, Tablefaoiag 
p. clii (1921). 

*M.R.Zemer.Bec.,XXX,43(1897):R. D.Oldham. Ibid. 45(1897). 
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nore probably of tbe latter. There is reason to believe that Ooriatoarpus, a 
similar fruit with a narrower wing, is connected with the peculiar scale-like 
organs described under the name of ilrbena irhdica, and that both may belong to 
the plant which bore the fronds known as Cordaites ; Arberiat in fact, might well 
be the sporangia-bearing frond corresponding either to the sterile fronds known as 
Cordaites or to fronds of a similar barrennes termed Gangamopteris,^ Some of 
the tree stems included in the term Dado^hn may also have borne the Cordaites 
leaves, and the associated especially with the leaf, C. (Noeggerathiopsia) hialopi 
Bunb.* All the really valuable coal seams of India are found in the Lower Gon- 
dwana beds, chiefly in the Barakar stage. 

• I.-^TALCHIR SERIES. 

The lowest member of the Gondwana system is known as the Talchir, a series 
named after the small State of Talchir, one of the feudatories of Orissa, where it 
was first clearly distinguished. It is overlain, sometimes with a recognisable 
unconformity, by the Damuda series, and consists of a single stage, the Talchir 
stage. In earlier schemes of classification, the Talchir series was made to consist 
of the Talchir stage below and the so-called Karharbari stage above, but the latter 
appears to have more in common with the Barakar and is here included therewith. 

TALCHIR STAGE. 

Genefal character.—When present—and it is nearely absent over any large 
Gondwana area—the Talchir stage, one of the most interesting rock groups of 
India, foims the base of the Gondwana system, the bulk of its rocks consisting 
of fine silty shales and mudstones, and fine soft sandstones. The shales are 
usually of a greenish grey or olive colour, rarely dull red, sometimes slaty, exceed¬ 
ingly fine in texture, and traversed by innumerable joints. These joints produce 
the extremely characteristic feature of “ needle shales the rock breaking along 
them into thin, minute, angular fragments, typically elongate or acicular, which 
cover the surface of the ground. Not infrequently the shales and mudstones are 
somewhat calcareous, and in some places large concretionary masses of impure 
carbonate of lime have been found amongst them. In the Eorba coalfield of the 
Central Provinces, Fermor records the frequent presence of thin courses and ovoid 
masses of fine-grained secondary limestone interbanded with the Talchir shales*. 
The fine silts of this sub-division are remarkably persistent in character throghout 
an immense tract of country. 

The most characteristic sandstones are soft, fine and homogeneous in tex¬ 
ture, composed of quartz and undecomposed pink felspar : in colour they are pale 
greenish grey, buft or flesh-coloured. They are frequently somewhat massive 
but are just as commonly interstratified in thin layers with the shales. In many 
places where exposed on the surface, they break up into polygonal fragments 
three or four inches across, whence they have been called tesselated sandstones. 
These beds pass into coarser sandstones of less marked character, which vary 
in colour and are sometimes conglomeratic. Contrary to what is a usuual sequence 
it is the beds of finest texture—^the shales—^which are found at the base of the 

* A. C. Seward, " Fossil Plants », Vol. II, 617 {1910). ““ 

*/W,Vol.in,a 48 . ' 

•jrem., XU, 107 (1914). 
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Talobir stage, and the sandstones which are higher in position , the coarser sand* 
atones, moreover, overlying those of &a.er texture. The upper portion of the 
Talchirs may, in fact, consist almost entirely of sandstones, often pebbly, especially* 
where the stage passes gradually up into the Barakar ; these uppermost sandstones, 
purple, brown and white in colour, are often current-bedded, and weahter into 
large “ pillows by a process of desquamation frequently independent of the 
original bedding-planes.^ Some of the flags and shales are ripple-marked, and 
animal footprints have, in more than one case, been suspected.* 

A thin coal seam has been recorded amongst the Talchir beds in the Jhilmili 
field of Sarguja but, as a rule, the stage is distinguished by the absence of coal 
and even of carbonaceous shale. 

Two noteworthy features of the Talchir beds are : their power of resisting 
disintegration and, provided they are not covered by alluvial deposits derived 
from other rocks, the complete barrenness of the ground where they appear at 
the surface, a natural consequence of their inability to form soil on decomposi¬ 
tion. In many places along the edges of the coalfields, where the Talchir beds 
occupy the ground, it is possible to walk for miles through very sparse, grassless 
jungle, over a surface composed entirely of the finely comminuted greenish grey 
shales. 

Boulder beds. —The most interesting feature of the Talchir stage is the 
frequent occurrence amongst the shales and fine sandstones, generally towards 
the base of the stage but quite often some hundreds of feet above the bottom 
of pebbles and boulders, always rolled and usually well rounded, varying in size 
from small fragments less than an inch across to huge blocks fifteen feet in diameter 
and thirty tons in weight; blocks 30 or 40 feet in diameter are reported to occur 
in the Talchir boulder bed of the Tatapani coalfield in Sarguja. A common size 
is from six inches to three feet in diameter. Some of the larger boulders, though 
always water-worn, are sub-angular and irregular in shape. 

The lateral distribution of the boulders is most capricious. In some parts 
of an area occupied by Talchir beds, none is to be found over many square miles 
of country; more generally the boulders are met with at intervals and occasion¬ 
ally large numbers are crowded within a limited tract. The boulders consist of 
gneiss, granite, quartzite, shale, slate, rarely of hornblende schist and other types. 
Many of them can be matched among the local Archsean rocks, but in numerous 
cases they cannot, and there is every probability that these particular boulders 
at least have been transported from a distance, no rocks of similar character being 
found in the neighbourhood. In the Jharia coalfield, for instance, certain quartzite 
boulders are suggestive of the Vindhyan rocks of Central India and the Mirzapur 
country. In the Raniganj basin, among boulders of the local metamorphics^ 
W. T. Blandord found pebbles of semi-quartzite, of greenstone and, in one case^ 
of pyritious clay-slate, all of them foreign to the immediate surroundings.* In 
the Jhilmili coalfield of Sarguja, the boulder bed includes numerous examples of 
the characteristic compact Vindhyan sandstone or semi-quartzite, the nearest 
exposure of which is seventy or eighty miles away to the north. The same Vin¬ 
dhyan quartzite-sandstone, as well as Vindhyan limestone, figures among the 
boulders found in the Talchirs of the Eamthi outcrop in the Central Provinces. 


* S. R. Gee. Mem., LXI, 31 (1932). 

* W. T. Blanford Mem., Ill, 38 (1861); 0. S. Fox, Ibid. LVl, 27 (1930). 

* Mem., UI, 38 (1861). 
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The Talchir deposits of Korea State include pebbles and small boulders of red jasper 
breccia which might have come from the Bijawars, as well as Vindhyan fragments, 
some of them recognisably of the Upper Bewah Sandstone and others possibly 
from the Kaimurs.^ If o^y one or two such cases had been observed, it might 
be supposed that the parent rock from which the blocks were derived had formerly 
existed in the immediate vicinity and had been removed by denudation, but the 
cases in which there is reason to believe that the rounded blocks have been trans- 
.ported from afar are so numerous that this theory cannot be accepted. The 
boulders, it should be remembered, are found embedded in silt which is frequently 
of the finest texture. It is evident that deposition from water in rapid motion is 
here out of the question, since any stream capable of moving and rounding the 
boulders would have swept away the fine silty matrix in which they now lie. Even 
without further evidence, the suggestion which most satisfactorily accounts for 
their presence and association is that they were first rounded by torrents and then 
transported to their final position by ice. Fortunately, there is ample confirmation 
of this in the smoothed, polished and striated surfaces which are to be seen on 
some of the larger blocks in several localities ; according to Fox, this is especially 
the case with boulders of the relatively softer rocks such as granite and arenaceous 
shale or slate.-* Where the matrix of the Talchir Boulder Bed has become softened 
by weathering, the bed with its boulders set at all angles and some of them ice- 
scratched, closely resembles a recent boulder clay.^ Cases of striated and polished 
boulders are especially numerous and perfect in the Singrauli coalfield of southern 
Bewah.^ 

The Boulder Bed seldom exceeds 100 feet in thickness and is usually less than 
half this figure; although such a characteristic feature, it forms but a relatively 
small proportion of the Talchir stage. To obtain a true sense of the proportion and 
the significance of the Boulder Bed, it is important to grasp this fact, and to remem¬ 
ber that by far the greater part of the Talchir stage is made up of ordinary sub¬ 
aerial sediknents. The size of the Boulder Bed is small compared with that of the 
corresponding Dwyka Tilite of South Africa, and the repeated recurrence of glacial 
conditions from Upper Carboniferous to Lower Permian times in Australia has no 
counterpart in India, where the glacial epoch was solitary and short-lived. 

Sir Cyril Fox notes that, although there is little doubt as to its glacial origin, the 
Talchir Boulder Bed does not always represent undisturbed moraine material 
in parts of the Damodar valley, there are faint indications of bedding, witness¬ 
ing to the fact that the moraine debris has in places been carried, probably not 
far from its original site, turned over by floods, and to some extent water-sorted. 
In the Karanpura area, Jowett describes a section in which then boulder bed forms 
an irregular mass partially enclosed by a roughly-bedded sandy conglomerate 
of a different and presumably more normal type’. In the great majority of cases, 
the Boulder Bed shows no sign of stratification^. 

Polished and grooved glacial “pavement” beneath the Talchir deposits are 
not very common. A good example is seen in the strongly striated, grooved and 


^ L.L.Fermor. Mem,, XLI, 167-108 (1914). 

• Mem., LVI, 24 (1930). 

s A. Jowett. Mem., Lll, 12 (1925). 

« Antil. Bep. Sec., XXX, 4 (1807). 

• Mem., LII, 9 (1925). 

• C. S. Pox, Mem., LVIII, 225 (1931). 
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polished rock- surface of Vindhyan limestone, underlying the Talchir boulder bed 
with its frequently scored and well polished boulders on the banks of the Penganga 
tributory just above its confluence with the Wardha river, about ten miles W.S. W. 
of Chanda in the Central Provinces ; polished metamorphic surfaces are also recorded 
near Podadih in the Baniganj coalfield,^ and less certainly north of Suranga in the 
Jharia field.® 

Other peculiar types of rocks. —A peculiarity of some of the Talchir rocks 
worthy of note is the remarkable resemblance occasionally presented by the more 
compact forms of shale to a consolidated volcanic ash, and by a variety of the 
sandstone to a decomposed basalt, both in colour and mode of weathering. South 
of the Penganga river, a peculiar rock has been noted by Pedden in the Talchirs 
near Charli, and again in the Ehairgaon watercourse west of Nandgaon. It is a 
sandstone consisting of rounded grains of quartz with a little felspar, whose cal¬ 
careous cement has assumed the form of ophitic, crystalline masses some quarter- 
of-an-inch across.® These ophitic crystals have been irregularly attacked by 
weathering and the rock has been split up into a number of irregular aggregates, 
each aggregate composed of sand grains and calcite ; these aggregates, though 
separated from each other, arc held together by the interlocking of their irregulari¬ 
ties, the result being a rock which has a certain amount of flexibility and is analogous 
to the type known as “itacolumite*’.* 

Thickness. —It is remarkable that a series of beds, occurring at large and 
disconnected intervals of space, should preserve such a constant and unique litho¬ 
logy throughout the immense tract over which they are scattered. The thickness 
of the Talchir stage varies greatly even in the same basin, a result due partly at 
least to the unevenness of the ancient floor upon which they were laid down; 
pebbly sandstone of Talchir age has been noted within ancient cracks in one of the 
gneissic inliers of the Karanpura coalfield. Nowhere does the thickness of the 
stage exceed 1,000 feet. In the Baniganj coalfield, where fully developed, the stage 
is 900 feet; where best exposed in Jharia, it is 800 feet. In the former area, the 
Talchirs are well represented in the north-west of the field where they appear to 
pass up into the Lower Barakar, but to the east, and again to the southwest, they 
die out comparatively rapidly ; similarly in Jharia, the Talchir outcrop diminishes 
in a northeasterly direction and is overlapped by the Barakar. In the type area 
of Talcher State the thickness of the stage is probably 500 feet, in the Aurunga 
coalfield of Bihar it has a maximum of 300 feet, and in the Bisrampur field of 
Chhattisgarh it is only some 200 feet. In some places as in Karanpura, the Talchir 
beds can be seen to have suffered denudation before the deposition of the overlying 
beds. In the Tatapani area, for example, Barakar silt has been recognised filling 
up old pot holes on a denuded surface of Talchir rocks, while in the Singrauli field 
rolled pebbles derived from the Talchirs occur in a conglomerate of a Barakar age. 

Fossils. —The fossils hitherto discovered in the Talchir rocks are few in numbers 
Animal relics, with the exception of those in the Salt Eange locality, comprise 
only the wing of a neuropterous insect some annelid tracks and some doubtful 
l^hree-toed foot-prints. Plant remains usually consist of indistinct carbonaceous 


» E. R. Gtf . Mem., LXI. 37 (1931). 

® C. S. Fox. Mem., LVI26 (1930). The grooved and striated condition of the surface of the 
Malani porph^ies near Pokaran in Bajputana is attributed to wind action in spite of the fact 
that the locality is characterised by a boulder-bed ; in any case the bed of boulders, none, of 
which is recorded as striated, is believed to be of pro-Cambrian or very early Paloeozoic age, and 
therefore much older than the Talchir. 

• Jfew., Xm, 16(1877). 

® R. B. Oldham. Rec„ XXII, 65 (1889). 
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inarkiiigs, coaly films, atom impreaaions and a few seed vessels, but the following 
is a list of what have so far been collected, most of the specimens coming from the 
Karanpura area.^ 

Equisetales— 

Sckixoneura cf. gondwanensia Feistm. 

Pteriodospermse and Filicalee— 

Qangamopteris eydofteroidea Feistm., 

„ anfuattfolia McCoy., 

Qloaaopteria indtea 8chimp.> 

Cordaitales— 

Oordaites {Noeggerathopaia) hialopi Bnnb. 

Schizoneura, one of the Equisetales, is founds Iso in the Damuda and the Panchet 
series. The genus Oangamopteris is confined to the Palaeozoic, and in India was 
most abundant in Talchir and Karharbari times ; it occurs in formations homotaxial 
with the Talchir and Damuda in South America, South Africa and Australia, as well 
as in the Permian of Russia. In addition to the normal species, three varieties 
of Oangamopteris cydopteroides have been described from the Talchir and Karhar¬ 
bari rocks— suhaurieuhta, areolata and attenuata —but they are too ill-defined to 
carry any differential significance. The vegetable remains of the Talchirs have 
hitherto been found only in the higher beds of the stage, and even here they are of 
very rare occurrence ; in the lower shales, which seem admirably suited for the 
preservation of vegetable impressions, there is a notable absence of such. 

Mode of accumulation. —With regard to the mode of accumulation of the 
Talchirs, there is ample evidence that under the conditions that prevailed during 
the earlier part of the epoch, a large proportion of the Peninsula was covered by 
an extensive mantle of ice which, there is reason to conclude, was localised along 
the lines of the present Gondwana valley-outcrops, though exceeding them greatly 
in width. From their snowy gathering-grounds, the ice-sheets presumably became 
separated from each other lower down by broad rocky divides of land to form 
separate glaciers; from these divides were derived the boulders of the Talchir 
moraines. These large masses of ice, by their slow, polishing movement, would 
have planed down protuberances and filled up hollows with debris. The extreme 
fineness and the remarkably constant character of most of this debris are thus 
accounted for, since it would have consisted of rock powdered and re-powdered to an 
excessive degree by the incessant grinding caused by the flow of the glaciers. 
Most of the debris would be of local origin, but some of it would have been brought 
from distant regions and, if coarse enough, would betrary its derivation by its 
lithology. The melting and retreat of the ice would have laid bare a bleak country 
side consisting of the persistent divides and, between them, the broad 
ice-scoured valleys, their original drainage lines complicated by the irregular 
covering of moraine and silt. Upon the uneven bottom of the broad valleys, 
marshes and lakes would have formed readily and transiently, streams would have 
taken the place of the glaciers, and sedimentation would have commenced, 
accompanied by a certain amount of resorting of the moraine, especially towards 
the lower end of the valley. 

» O Feirtrmantel. Pal. Iml., Set., XU, Vol. Ill, 6-7 (1870-81). 

* The so-oalled QhaaopUria comnmnia Feistm. (vide Pal, Ind,, New Ser., Vol. II, Mem., I, p.3 
il902)}. 
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2. Gangamopteris cyclopteroides, var. major Feiatm. 2. Gangamopteris cychpteroides Faistm. 3. Ccrdaites 
(HoeggerathiopsiM) hishpi (Bunh). 4. Ottokaria bengalensis (Zcill). 5. Gondmmidium validum fFeiitm). 6. Buria* 
dia sawardi Sahni. 


G. S. 1., Calcutta. 





Chap. XXII.] 


PENINSULAR GONDWANAS 


931 


The evidence with regard to the direction in which the ice moved is more or 
less conclusive in the case of the Damodar valley, where it seems to have flowed 
from west to east. In the extreme west or Earanpura field, the Talchir sedi* 
ments, which are of no great thickness, are characterised by great irregularity, 
lenticularity and a lack of definite stratification, and are much coarser on the 
whole than they are farther east; conglomerates are more frequen^he sandstones 
are described as often pebbly and sometimes include lenticles m conglomerate, 
while others are highly current-bedded. The matrix in which lie the boulders— 
which incidentally do not appear to have attained the size they sometimes did 
further down the valley, though in many cases showing glacial stri®—is sandy 
and the Boulder Bed itself is associated with a roughly-bedded sandy conglomerate.^ 
The shale, although constituting the bulk of Talchir matirial, is more or less 
sandy. In the next field further down the valley, i.e., Bokaro, much of the Talchir 
stage consists of fine-grained sandstones, some of them with conglomerate bands 
but most of them with intercalated beds of needle-shale ; one of the boulders in the 
basal bed measured 42 feet in circumference.’^ Further down still, in Jharia, the 
Boulder Bed is only some 50 feet thick, and the remaining 750 feet are described as 
^‘earthy or argillaceous’* in character. Many of the boulders in the Boulder Bed 
show scratching, but the bed in places exhibits signs of water-sorting; some of the 
boulders are composed of a quartzite which resembles closely certain Vindhyan 
rocks of Central India and Mirzapur, and are, in that case more likely to have 
been transported from west to east than in the opposite direction. Finally, in 
Eaniganj, according to Gee, evidence of direct, undisturbed glacial action is 
wanting, if we except the polished floor at Podadih ; the basal bed is of no great 
thickness compared with more westerly areas, and the boulders have lost their 
stride. 

In the cases of the Mahanadi and Godavari, the evidence is less clear. In 
the first place, we might expect that, if the glaciers along the Damodar valley 
flowed from west to east, the chances are that those of the Mahanadi originated 
in a gathering-ground adjoining or not far from that of the Damodar ice, and 
moved southeast wards ; this supposition, however, has to be reconciled with the 
fact that at the northwestern end of the prolonged line of the Mahanadi expo¬ 
sures, in southern Rewah, beds with marine fossils overlie the Talchir sediments 
and are followed immediately by beds containing the remains of terrestrial plants 
proving that this area was in the close proximity to a northern coast-line in Talchir 
times. In the case of the Godavari line of basins, we know that fragments of 
Vindhyan sandstone and limestone have been recognised in the Talchirs of Kamthi 
and would seem, therefore, to have been derived from country to the north of 
northwest. Since the Kamthi outcrop is in a line with the Godavari exposure 
and probably continuous therewith beneath the Trap, the chances again seem to 
be in favour of a movement of the ice from northwest to southeast towards a region 
which is known to have been covered by the sea a long time later. 

A sequence similar to that in southern Bewah is seen in the Salt Range, where 
in fact, the Talchir Boulder Bed itself contains marine fossils ; this is a clear indica¬ 
tion tW another of the great Talchir ice-channels had a northerly direction, a 
suggestion supported by the presence in the Salt Range Boulder Bed of pebbles 


> A. Jowett. Metn., LII, 4 (1925). 

» T. W. H. Hughes, Metn., VI, 46 (1867). 
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derived from the Malani rhjblites and the Bajputana granites. Of the neghbour- 
hood of a coast-line there is evidence also in Kashmir. 

The areas mentioned in the preceding paragraph are the only ones in which 
we can be quite certain that marine or coastal conditions prevailed in Talchir 
times. Elsewhere, where marine fossils are absent but where the Talchir boulders 
have every appearance of having been dropped by floating ice on to a bottom of 
flue mad, it is not impossible that such disburdening took place in large glacial 
lakes or in narrow estuaries. In spite of the infrequency of glacial pavements, the 
absence of marine fossils from the bulk of the Talchir and immediately superjacent 
deposits makes it probable that most of the ice of the epoch was land ice, and that 
all but a small proportion of the Indian Talchir sediments were accumulated under 
sub-aerial conditions. After the period of glaciation had passed away, a land 
flora soon began to take possession of the terrain from which the ice-had retreated. 

The Talchirs of the Salt Bange and of the Himalaya have already been described 
(pp. 746 ), uud an account of their occurrence in western. Bajputana will be 
found on page 1072. Bespecting the precise age of the peculiar and restricted 
marine &una found in the Boulder Bed of the Salt Bange and at corresponding 
horizons in Australia and elsewhere, opinions differ. Some would assign it to 
the Lower Permian, one authority persists in regarding it as Middle Permian, 
while others prefer to look upon it as tipper Carboniferous, a view which has been 
generally supported by the Geological Survey of India. 

11.—DAMUDA SERIES. 

Definition and thickness.. —The Talchir series or stage is succeeded by 
the Damuda series, which was flrst investigated in the coalflelds of the Damodar 
valley, from the older spelling of which it is named. If we include in this series 
the Karharbari beds, nearly all the coalflelds of the Indian Peninsula owe their 
mineral wealth to the presence of the Damuda formation, the most important 
part of the Gondwana system. In its type areas, it has a total thickness of about 
6,700 feet in the Baniganj field and about 5,900 feet in Jharia, decreasing 
greadually westwards in the Bokaro and Karanpura coalflelds to less than half 
these figures in the Satpura basin 7,000 feet or more are exposed. Summarising 
it may be said that the Damuda at its maximum aggregate does not exceed, 
7,200 feet, of which nearly 560 feet consist of coal, something like, 4,000 feet 
of sand stones, and the rest of shales and clays, carbonaceous or otherwise. 

• 

Fossils and cowelation.—The Damuda series provides the main display of 
the Olossopteris flora, a flora which is essentially Pal(Boxoic, including such genera 
as Phyllotheoat Sphemphyllum, Olossopteris and Gangamopteris. Correlating the 
basal Karharbari beds with the Artinskian, the Damuda series corresponds very 
closely with the whole of the European Permian, an equation supported by the 
undeniably Permian affinities of the only two animal fossils found definitely within 
the limits of the formation, Oondtpanosaurus and Archegosaurus. The examination 
of the floras of the separate subdivisions of the Damuda series has shown that there 
are slight differences, but as nearly all the species of the Barakar stage, and without 
exception all the more abundant forms, are found also in the Baniganj stage, they 
have been united in a single list...^ 


10. S. Pox Mm., WX, 76 (1934). 
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DAMUDA flora ( A ). 

I. Glo9Wifteris communis Feistm. 2. Gloss€tpteris conspicua Feistm. 3 (a.b). GJossopteris angustifdia 
Brong. 4. Glossopteris indica Schimp. 5. Glossopteris broumiana Biong. 6 . Samaropsis raniganfensis 
Sew & Sahni. 7. Cordaicarpus tp. cf. C. cordai Gain. 


G. S. I.. Calcutta. 


DAMUDA FLORA ( B ) 

2. Schizoneura gondwanaisis Feistm. 2. Stem of Schizoneura emdimensis^ 3. PhyUotheea indica 
Bunb. 4. Sphenophyllum speciosum (Royle)« 5. Vertebraria iadiea Roylc. 6. Sphenopteris pohnnorpka 
Feistm. 7. Taeniopteris danaeoides (Royle). 


G. S> I.. Calcutta. 
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Litboiogjr* —The Damuda strata include varieties of fresh-water sediments 
jBrom coarse pebbly sandstones to fine shales, with fire-clays, coal seams and 
bands of more or less ferruginous material. Limestone is absent, but thin 
irregular and lenticular beds of siderite produce limonitic and haematitic iron- 
ores on the surface. The most persistent members of this series are the coal 
seams wUch are often traceable continuously for twenty miles or so from one 
end of a field to the other. Throughout the whole sequence there is evidence 
of sorting action. That the sediments were accumulated in wide river valleys 
or extensive lakes is borne out not only by the presence of coal, but by the 
frequent spliting of the seams when traced laterally, by the impressions of 
land plants, by the coarseness and the current-bedding of many of the sand* 
stones, by the insensible passage of some of the coal seams into carbonaceous 
shale, and by the occurrence, rare though it is, of pebbles in the coal. A 
common sequence comprises a sandstone, often pebbly, overlain by shale or 
carbonaceous shale and this by a coal seam, followed by coarse sandsone, forming 
the roof of the seam and starting a fresh cycle. 
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There ie no uridespread hiatus throughout this thick series of passage 
from one stage to another is frequently transitional, and none but slight unoon* 
f ormities can be detected. As already indicated, there is often a perceptible 
discordance and overlap between the base of the Damudas and the Talohirs but 
even this is sometimes absent; in the Satpura region, in the Korea State of the 
Central Provinces, and in the extreme western part of the Baniganj field, for 
instance, the passage from one series to the other appears to be tran^tional.^ 

Mods of diposition.— After the retreat of the Talchir ice, the • Gondwana 
areas of deposition became alternatively a chain of stream-connected lakes and 
marshes in the comparatively still waters of which vegetable debris and carbon¬ 
aceous shale accumulated, or broad river valleys from side to side of which 
wandered rivers depositing the coarser silts, sand stones and gravels which formed 
the rest of the Gondwana system. As the lakes became silted up, their place 
was taken by sluggish reaches of the meandering river, until some change in con¬ 
ditions—perhaps a land-slip, or a renewal of local subsidence due to faulting 
—brought about a reformation of the lakes. Such a cycle seems to have been 
repeated time after time. 

Subdivision. —The Damuda series has in the past been divided into thre® 
stages which from below upwards were: the Barakar, the Ironstone Skales and the 
Baniganj. The Karharbari group, which was regarded as an upper member of 
the Talchir series, is but an early phase of the Barakar and scarcely merits sepa¬ 
ration therefrom. Since it has received separate attention in the past and 
its flora differentiated, it will be separately described where distinguishable ; it 
has, at any rate, as much individuality as some of the other stages in a neces¬ 
sarily artificial classification. Objection has also been advanced against the 
establishment of the Ironstone Shales but here, again, the group has been mapped 
separately and its small flora individualised; as delimited by Blanford, it is retained 
until the question of its occurrence, boundaries and fossils in the three separate 
areas of Baniganj, Bokaro and Earanpura has been more thoroughly investi¬ 
gated. In the Jharia and Baniganj coalfields, the three Damuda stages have 
been further sub-divided and tentatively correlated as follows :— 




Baniganj CoalfiM, 

Jharia Coalfield. 

1 baniganj stage . 

1 

j 

Kumarpur sandstones. 
Kituria coal measures. 

^Hijuli sandstones. 

Sitaram pur coal measures. 

1 Ethora sandstones. 

Lohpiti sandstones. 

Telmuoha coal measures. 
Jamdiha sandstones. 

Murulidih coal measures. 
Hahuda sandstones. 

Ironstone Shales 
Blanford). 

1 

1 Kulti Ironstone Shales. 
I^Begunia sandstones. 

1 Begunia shales. 

Hariharpur oarbonaoeous diales 
'^^etiasandstones. 

Shibbabudib shales. 

Barakar stage 

1 Begunia coal seam. 

. VLaikdih seam, etc. 

J Damagaria seam. 

Seams of Jorapokar,ete. 

Seams of Jagta, etc. 

Seams of Nardlwki, etc. 

(Kerharbari) 

• 

.... 

? Seams of Idatiagwia, etc.* 


> L.L.Forme, Jfem.,XLI 168(1918); j;6e.,LlX,88(1926). 

• C. 8. Fo« suggests that the basal measures of the Jharia coalfield with their ourious dul 
coals may possibly be the equiTalents of the Karharbar iaeams of Qiridih. 
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The lower boundary of the Ironstone Shales was drawn by Blanford at the base 
of the Begunia shales but there is no unconformity at this horizon and the over- 
lying Begunia sandstone is of the typical coarse Barakar aspect and current- 
bedded on an unusually coarse scale.^ For these reasons, Gee has preferred to 
draw the boundary at the top of the Begunia sandstones ; the older method of 
subdivision has, however, been retained in the present work until the floras of 
the'subdivisions can be adjusted—if adjustment should prove necessary—^to the 
proposed modification of the boundaries. 


The lowest or Earharbari sub-stage or phase is found in the Giridih of Karhar- 
bari coalfield of the Hazaribagh 'district, and less certainly in other parts of Bihar, 
in the Son valley, and in the Satpura region. The Barakar has as wide an extent 
in the Peninsula as the Talchir and is recognisable not only in the Damodar valley 
but in the Bajmahal area, in Birbhum, Deogarh and Giridih, in the Son, Mahanadi 
and Brahmani valleys, in the Satpura region, and in the Godavari valley ; it is 
not seen south of the Godavari and, with other members of the Lower division, 
is absent in the Gondwana exposures of Cutch and Kathiawar. The Ironstone 
Shales of the Raniganj coalfield have been identified in Karanpura and Bokaro, 
and are thought to be represented by certain sub-stages in Jharia. The 
Raniganj stage of the Damodar valley is represented in the Son, Mahanadi and 
Brahmani valleys by the Pali and Hingir stages, in the Satpura region by the 
Bijori stage, and in the Godavari valley by the coal-less Kamthi stage. The 
mineral characters and geological relations of the different subdivisions of the 
Damodas will be described separately, but the following remarks on the coal 
seams and their associations apply to the series as a whole. 

Coal seams of the Damuda series.— The Damuda coals, with the exception 
of those in the Earharbari stage and those of the Matiagaria and Muraidih seams 
in the lower Barakars of Jharia,^ all agree in having a peculiar laminated appear¬ 
ance, due to alternating layers of bright (vitrain) and dull (durain) coal. The 
laminae of vitrain, a substance which, according to Fox, appears to have originated 
from the cortical tissues of Gondwana trees and plants and is the more purely 
bituminous part of the coal, are usually lenticular and may either disappear in the 
space of a few inches or are traceable for several feet. The durain, which is, 
probably a colloidal mixture of carbonaceous and clayey materials, grades in¬ 
sensibly into carbonaceous shale. Speaking of the coals of Karanpura, Jowett 
finds no essential difterence in composition between the ash of a coal and its asso¬ 
ciated shale.* Fusain, another variety of coal substance, derived from woody 
tissue, is very common in all Lower Gondwana coals.* 

The lower the moisture contents of Gondwana coals, the greater their coking 
powers ; according to Fox, 5 per cent, of moisture diminishes the caking qualities 
of a coal more than what 20 percent, of the impurities generally termed ash can do. 
In the Damuda seams of Jharia, western Raniganj and Giridih, the moisture is 
seldom more than 1*5 per cent, in the lower, or more than 3 per cent, in the upper, 
seams ; in eastern Raniganj, Talcher, south Rewah and Rajmahal, on the other 

^ 0. S. Fox. Eee., LX, 363 (1928). 

* These, however, differ in analysis from the Karharbari coal. 

« Mem., LXr, 139 (1926). 

* CS. Fox. Jfem., LVH, 113-114,116 (1931). 
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hand, most of the coal contains at least 5 per cent, and not uncommonly more 
than 10 per cent, of moisture. Assays of Jharia coal quoted by Vox show that, 
in support of Hilt’s Law, the proportions of volatile matter and of moisture appear 
to decrease with depth.' The percentage of phosphorus is unusually high, averag¬ 
ing 0*45 in thirty-one of the Baniganj coals ; some of this ingredient was no doubt 
original in the plant substance and derived from the surrounding metamorphic 
rocks which are also phosphatic, but Vox is of opinion that the excess of phos¬ 
phorus found in the coal immediately bordering igneous'intrusions of highly 
phosphatic peridotite originated from the decomposition of the latter caused by 
percolating waters. The coal of many of the Jharia seams, especially those in 
the two uppermost Barakar sub-stages, yields a good metallurgical coke, a factor 
which has done much to make Jharia the most important In^an coalfield. No 
true anthracite is known in India though, as an outcome of tectonic squeezing, 
some of the crushed coal in the Lower Gondwana seams of the Darjeeling Himalaya 
shows an analysis approximating that of an anthracite ; a semi-anthracite occurs 
sometimes at the base of the Barakars. 

There is a general tendency to variation not only in thickness but also in 
quality of a seam within short distances. In one of the Earanpura seams, for 
instance, the ash percentage falls from 33*2 to 15*4 in a vertical distance of four 
feet, rises in the next foot to 23*8, sinks in the next five feet to 10*5, and so on. 
Some of the Barakar coal exhibits a peculiar spheroidal structure, and round 
balls of various sizes, up to more than a foot in diameter, break away from the 
mass when the coal is mined. Methane and carbon dioxide—“firedamp” and 
“chokedamp”—have been met with in Indian mines gnd appear to be held in 
fissures and inter-stratal spaces under pressure ; these gases escape either as 
“blowers”, continuing for days or even weeks, or in the form of a slow presistent 
discharge. 

Gondwana coal is made up of the d4bris~- largely of a woody nature—of 
plants which, when sufficiently intact, can be identified as terrestrial forms 
this, incidentally, applies nq;t only to the Olossopteris flora of the Damiida series 
but also to the Ptilophyllum flora of the Upper Gondwanas. Plant structures can 
frequently be discerned in sections of the coal. Annual rings of growth have 
been made out in many Gondwana woods, and bodies like microspores in some 
oases identified. In one of the Karharbari coals, Mr. A. E. Banerji found spheroid¬ 
al alveolated bodies very similar to the Sclerotites brandonimtis of Jeffrey and 
Chrysler, which is thought to be the sclerotium stage of a fungus and therefore 
an indication of a more or less moist climate.* 

With regard to the mode of accumulation, evidence on the whole is in favour 
of the “drift” theory and, according to Sir Cyril Fox, comparatively deep-water 
conditions are indicated in spite of the pebbly nature of the sandstone so often 
found lying upon the coal seams. There is very little sign of inter-depositional 
erosion ; although there is occasional local overlap above a coal seam, no instance 
is known in Inffia of a coal seam lying unconformably on the beds below. That 
the coal substance, or at any rate the fragmentary vegetation which produced 
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it, was transported from the vast forests of the catchment area and did not oii- 
ginate in situ receives some measure of support from the following considerations. 
In the first, though of rare occurrence, pebbles and concretions consisting of a 
nucleus of coal coated with successive layers of calcite have been recorded in 
some of the coal seams.^ Secondly, some of the seams split frequently into several 
thin seams separated from each other by wedge-shaped intercalations of shale and 
sandstone varying considerably in thickness. Several of the seams attain con¬ 
siderable thickness but most of them have interstratified bands or lenticular 
layers of carbonaceous shale or even of sandstone. Some of the seams pass later¬ 
ally into carbonaceous shale. The banding, which is characteristic of many of 
the seams, is, in fact, often very persistent and suggests allochthonous origin; 
as Gee notes, the bands evidently represent a mixture of fine inorganic material 
and the mother substance of coal, brought down and sorted by the action of currents, 
evidence of which is seen in the current-bedding of associated sediments.* Thirdly, 
although the seam floor, which is typically a bed of carbonaceous shale and less 
frequently a sandstone, may be characterised by the presence of Vertebraria roots, 
plant fronds (Olossopteris, Pecopteris, etc.) and fruits (Samuropsis) ; such remains 
are indiscriminately distributed, the tougher structures lying irregularly across 
the lamination of the shale. The parting between the two strata is clean and no 
plant structures are seen to continue up from the floor into the seam ; there are 
no erect tree stems, and none of those found in the coal is attached to roots in the 
floor below. Basal fire-clays do occasionally underlie the seams, but in the 
majority of cases are absent; in any case, there is nothing to show that these un¬ 
derclays were at any time soils exposed to the sun and rain. Fourthly, in the roof, 
which may be composed of carbonaceous shale, grey shale, sandstone or even 
pebble beds, there are sometimes found flattened, branchless tree stems, perhaps 
ten or fifteen feet in length with the cortical sheath surviving as bright coal but 
the woody interior either perished or replaced by iron oxide or sideritic material 
frequently showing a woody structure.® Such trunks, some of them 12-18 inches 
across and 12-18 feet long are occasionally seen resting prone on the top of the 
coal, but never on the floor of the seam. 


The almost complete absence of a fauna—of oven a vertebrate fauna—in 
the coal measures is not easily understood, but Fox suggests that this is perhaps 
due to the hilly nature of the country supporting the forests which supplied the 
coal material; whether the dearth of animal remains in the rocks is or is not attri¬ 
butable to the physiography of the Damuda country, the hilly character of the 
latter is confirmed by the coarseness of so many of the sediments. 

In only one or two doubtful cases is there evidence of the partial erosion of 
seam known as a ‘‘washout”. Even when overlain by current-bedded sandstone 
and pebble beds, a Damuda coal seam shows no sign of erosion by the swift current 
which have left their mark in these roof deposits. Some measure of the com¬ 
parative rapidity with which the consolidation of the coal seam took place is 
afforded by fragments of carbonaceous shale and coal in the Barakar segments 
where, though rare, they are not entirely absent. Fossil tree trunks of coal and 


» G. H. Tipper. Ree., XL, 336 (1910). 
> Mem., LXI, 51 (1032). 

< C. S. Fox. Mem., LVH, 266 (1931). 
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sideritic material, seen occasionally resting on the top of a seam, show no signs 
of having sunk at all into the surface of the latter, but have every appearance of 
having settled down on a firm unyielding bottom. This may be due in part to 
some residual buoyancy in the logs. Some of the pebbles, on the other hand, are 
seen to have indented the top of a seam, though they have not sunk appreciably 
into it, and in most cases I'ox finds evidence of a complete conversion into coal 
before the deposition of overlying sediments. Nonetheless, most indications are 
in favour of the continual presence of water above the coal material during the 
deposition of the roof sediments and, as Fox notes, this seems more likely to have 
been the case in large river-fed lakes than in wide river valleys. 

Fossil logs. —Another occurrence which indicates that vegetable matter 
was brought from some distance, and therefore necessarily by rivers, is afforded 
by the presence of silicified tree trunks in some of the Damuda sandstones of both 
Baniganj and Jharia, especially in the zone of massive grey sandstones near the 
top of the Baniganj coal measures. These trunks are found lying prone, their 
woody tissue replaced by opaline silica, their small branches missing, and usually 
with no bark. Two such specimens, obviously drifted logs, were discovered a 
little west of Asansol. One of them, before excavation, had a length of 93 feet, 
tapering from a diameter of 2 feet, 7 inches, to one of 1 foot, 2 inches ; two-thirds 
of the way up the trunk bifurcates, one of the branches being truncated, the other 
persisting. Seventy feet of this specimen are exhibited in the Indian Museum 
in Calcutta. Dr. B. Sahni identifies it as a species of Dadoxylon^ a genus of the 
Cordaitales group of Palaeozoic gymnosperms.^ The softer tissues were evidently 
removed during transport and there remains only the woody interior, in which 
well-defined rings of growth bear witness to sharply-marked seasons of the year, 
A better preserved specimen, also from the topmost Baniganj horizon (Kumarpur 
sandstone) near Asansol shows pith and primary wood as well as secondary wood 
and has been named by Sahni Dadoxylon zalesshyi^ This specimen shows large 
numbers of branch scars, but no branches and no trace of bark or roots. Smaller 
pieces of fossil wood are numerous in this horizon, the bulk of the material appa¬ 
rently belonging to this species, and all specimens, large and small, show signs 
of decay before petrification set in. Dadoxylon zalesskyi seems to have flourished 
in great abundance in some part of the Damodar valley. Any one of the three 
species of Dadoxylon so far distinguished in the Damudas may well have borne 
the leaves known under the name of Cordaites {Nosggerathiojisis) hislopi Bunb. 
Some of these fossi drift logs are partly silicified and partly lignitised.* 

As already remarked, the coal of the Gondwana fields is Permian in age and 
the Carboniferous coal of hiurope is absent in India. Perhaps connected with this 
contrast in age is the fact that most Gondwana coal is somewhat inferior to the 
average European product, for the difference may not be entirely due to a larger 
admixture with extraneous clay but seems likely, in the opinion of Sir Cyril Fox, 
to have been influenced by a difierence in the character of the floras which 
respectively gave rise to the coal in the following way. The greater the proportion 
of cortical tissue, the greater must have been the amount of vitrain produced 
and the higher the quality of the coal. Since the lycopods of the European Car- 


1 Ree., LVIII, 75-79 (1925). 

* jRec., LXVI, 414 (1932). 

« G. S. Fox. Mem,, LVII, 65,255 (1931). 
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boniferouB are known to have had a larger proportion of cortex—three-fifths of 
the diameter in some Lepidodendfon stems—than the later conifers or Cordaites 
including such forms as the upper Palaeozoic Dadoxyloti or the Jurassic Meaem*^ 
hrioxylonf they must have produced a larger percentage of vitrain.^ 

Very rarely boulders may occur in a coal seam. There is nothing against 
their being derived boulders from the Talchir beds, and they may in that case 
represent redistributed moraine material. Whatever their primary derivation 
may have been, they may well owe their present position to the floods which are 
likely to have inundated from time to time the coal-producing marsh lands. As 
suggested by Sir Thomas Holland, they may have become entangled in floating 
tree-roots and thus transported ; their occurrence in other parts o f the world in 
the vicinity of “wants’* and “washouts” lends support to this suggestion.* 

The coal industry of India..—Nearly all workable coal seams in India 
belong to the Lower Gondwana division ; occurrences of coal are known in the 
Upper Gondwanaa but arc seldom economic importance. The first coal mine 
in India was sunk in the Raniganj area in 1774 during the Governorship of Warren 
Hastings, and was the result of enterprise on the part of the Hon’ble East India 
Company. Production in India has been more or leas sustained since the year 
1816, the highest output occurring in 1938 when 28,342,906 tons were raised. 
A little over ninety-eight per cent, of this came from the Lower Gondwana, and 
the remainder from Tertiary rocks. Nearly the whole of the coal raised is con¬ 
sumed within the country, much of it by the railways. Raniganj was superseded 
by Jharia as the most important producer in 1906. A recent estimate of the 
reserves of good quality Gondwana coal within 2,0i 0 feet of the surface in India 
amounts to some 6,000 million tons, made up of 1,500 million tons of coking coal 
and about 3,500 million tons of the non-coking variety ; the total reserves of both 
first class and second class coal within the same depth are of the order of 40,000 
million tons.® 

The total thickness of coal in the Jharia field probably exceeds 200 feet, made 
up of some 30 seams—some of which, however, are duplications due to splitting— 
and only twelve are workable. Some of the individual beds of Damuda coal are 
of immense thickness, single seams, with shale partings included, amounting 
to as much as 100 feet in the Raniganj and Karanpura fields, to over 70 feet in 
the Singareni area, and to more than 60 feet in the Telwasa field of the Wardha 
valley. In the Bokaro coalfield there are three thick seams, one of them 100 
feet (swelling in one place to 125 feet), another 40 feet and a third 80 feet. In 
the Eorba field, two thick seams, one of them 80-100 feet thick, appear to unite 
to produce a single seam of 160 feet, though most of the coal is of poor quality and 
shale partings are frequent. 

In nearly all Gondwana coalfields, the Barakar is the most important coal-bcar« 
ing stage ; in the Raniganj field, it is the Raniganj stage which yields the bulk of 
the coal. The Barakar seahis show greater lateral variation than do those in the 
Raniganj stage. Coals from the Raniganj stage are richer in moisture and in 


» C. S. Fox. Mem,, LVII, 216 (1931). 

» frane, Min. Oeol. Inst, Ind., 1, 143 (1907). 

> J. Coggin Brown, ‘‘India’s Mineral Wealth”, p. 12 (1936) 
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volatiles than are those tiom the Barakar, and many of them are consequently 
good gas coals ; the coke they yield is, in most cases, too soft and porous for metallur¬ 
gical purposes. In the case of the two jprincipal coalfields of the Damodai 
valley, the Barakar stage is seen to diminish in thickness from Jharia eastwards 
to Baniganj, and the Baniganj stage to increase in thickness in the same direction. 
There is little doubt that the Baniganj field with its capping of Tertiary Durgapur 
beds extends eastwards under the Ganges alluvium, and it is not unlikely that 
unexplored coalfields lie hidden beneath the same extensive covering of Tertiary 
and Becent deposits in the provinces of Bengal and Bihar. Owing to their softness, 
coal outcrops are very apt to be concealed beneath surface deposits and for that 
reason are easily missed f the best sections are found in stream-courses. 

Burnt outcrops. —A characteristic phenomenon in the Damodar valley coal¬ 
fields is that of burnt outcrops, caused presumably by spontaneous combustion 
some of them of comparatively recent date, others of considerable antiquity. 
These outcrops of hard burnt shales, baked sandstones and confused beds, showing 
evidence of actual fusion by the heat of the burning seam, are more resistant to 
erosion and remain as outlying ridges, witnessing to the former wider extent of 
Damuda outcrops. So similar are some of these fused products to normal igneous 
rooks that they have been mistaken for remnants of andesitic lava.^ The soil 
in the neighbourhood of burnt outcrops is said to be richer than it is elsewhere. 

(a) Earharbari Stage. 

Clussificatory position. —The coal-bearing rocks of the Earharbari or 
Giridih coalfield were, in the last edition of this Manual, guardedly assigned to a 
place within the Talchir series but, in view of a recent discovery in south Bewah 
of a band containing marine fossils, lying below what are regarded as the Earhar¬ 
bari coal measures and unconformably upon the Talchirs, the Earharbari sub¬ 
stage has with good reason been restored by Fox to the Damuda series, where 
it was first placed by Mr. T. W. Hughes. The latter authority found it impossible 
in the south Bewah basin to separate it from the Barakar or lowest stage of the 
Damuda, and this has since been the experience in other fields. From a palaso- 
phytological point of view, the Earharbaris are somewhat closer to the Talchirs 
than they are to the Barakars, for practically all the few forms found in the Tal¬ 
chirs have been recognised in the Earharbaris—one of them, Oangamopteris 
cychptefoideSf being the commonest Eaharbari fossil—whUe on the other hand, 
many of the common Damuda fossils are rare or wanting in the Earharbari and 
several remarkable species amqpg the Earharbari assembhge have not been found 
in the other Damudas ; nonetheless, the differences between the Earharbari and 
the other Damuda fioras must not be exaggerated and typical Earharbari plants 
have been recorded in what appear to be the basal Baral^r rocks in several 
of the coalfields. As a basal phase of the Barakar stage, the Earharbari 
would naturally exhibit a fiora intermediate in affinity between that of the Talchir 
stage and the flora of younger Barakar horizons. The Earharbari coal and that of 
higher Damudas show structural differences, but Fox has shown that these are 
seen only when the lower Earharbari seam is compared with the upper Barakar 

1 **Chirimiri Voloanio serioB” L. L. Fermor.ifcm., XLI, 158 (1914); L. L. Formor. Tran9 
Min. Qtot. Inst. Ind., XII, 50 (1918). 
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seams, and that, in the Jharia field, for example, there is little difference between 
the lower Earharbari and the lower Barakar coal. In its peculiarly high Quality, 
the coal of the Elarharbari stage in Qiridih—in both lower and upper seams— 
resembles that of the higher Barakar seams in the Jharia field.^ Finally, there is 
in the Oiridih coalfield a suspected unconformity and overlap between the Talchirs 
and the overlying Earha^ari stage, corresponding to a marked difference in 
lithological character^; in contrast, there is a noticeable conformity between the 
Earharbaris and the overlying coal measures which possess all the characters 
of Barakar beds. In the west of the Earharbari basin, the Talchirs attain a thick¬ 
ness of about 600 or 600 feet whilst, within a distance of less than four miles to 
the east, the Earharbari beds rest directly upon the gneiss. 

Lithology. —^Much of the material ofthe Earharbari sub-stagehas been derived 
from the re-sorting of the Talchir deposits. The rocks consist almost solely of 
sandstones, grits and conglomerates, with seams of coal; the very little shale 
which occurs is always associated with the coal seams. The sandstones are white, 
grey or brown in colour, felspathic, and often gritty and conglomeratic by reason 
of the large fragments of felspar and quartz. The grits and conglomerates, es¬ 
pecially the coarser varieties, differ from those which make up so much of the 
Barakars, in that a large proportion of the fragments of felspar and quartz are 
angular or sub-angular instead of being particularly well rounded. In the Eatan- 
pura field, some of the fragments are of considerably size, and the material of the 
conglomerates can to a largo extent be matched in the Talchir glacial beds ; in 
the same areas, layers of coal fragments are found among the sandstones and some 
of the latter rocks are highly current-bedded. The coal seams in the type area 
of Giridih are somewhat variable in thickness but undergo very little change in 
composition throughout the small area in which they are found. Unexpectedly 
in view of its general high quality, the coal of the ‘‘lower” seam is of dull variety 
which can, however, be matched, though not in quality, by coal in many of the 
Lower Barakar seams of Jharia.* 

Distribution. —The thickness of the Earharbari beds in Giridih is said to 
be probably about 600 feet, but their upper limit is ill-defined. Outside Giridih, 
the Earharbari sub-stage is claimed to have been recognised in the basal Damudas 
of Deogarh, Earanpura, Aumnga, Hutar, Daltonganj, Umaria (Rewah), Pali 
(Johilla river), Mohpani (Narbada valley) and Shahpur (Betul), but in some of these 
areas the palssontological evidence is somewhat of a negative character ; in Hutaz 
and Earanpura, there is said to be a lateral passage from Earharbari rocks to 
typical Barakar sediments with plant fossils. The sub-stage is not recognised in 
ei^er Jharia, Raniganj or Bokaro, where it is probably represented by the lower 
portion of the beds mapped as Barakar, or by an addition to the unconformity 
sometimes seen above the Talchir stage. The same statement may well apply to 
other parts of India where the basal stage of the Damudas is usually referred to 
as the Barakar. 

Plant remains. —The only fossils which have so far been found in the Ear¬ 
harbari beds, except those of the Umaria area, are plants, a list of which has already 
been given. 

^ Mem., LVIII, 128-132 (1931). 

• C. S. Fox. Mem., LIX, 67 (1934). 
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Umaris occarrence.—One of the most interesting fsoies of the S^rhartlmti. 
sab-stftge, if oorreotly correlated as such, is seen in the Umaria coalfield of southern 
Bewah where, in a railway catting some two miles northeast of TTmaria railway 
station, beds of Earharbari or Lower Barakar age yielding marine fossOs were 
discovered by hSx. E. P. Sinor. These beds, lenticular in occurrence, are des- 
criW by Gke, under the designation of “Lower Barakars”, as being of somewhat 
similar lithology to the yellow-brown, sandy clays of the uppermost Talchirs on 
which they rest with a slight but definite unconformity.* The fossils, determined 
for the most part by Dr. Oowper Beed, comprise the following*:— 

Crinoidea. 

0 

Crinoidal stems and joints, 

Calicular plates of Dinocrinus ap. or a geatis related thereto. 

Bryozoa. 

Ithombopara sp. 

Brachiopoda. 

Produetua umarienais Beed (the moat abundant form, frequently forming the bulk of the 
rock; olosoly allied to some of the types of P. cora). 

„ „ , var. apinifera Reed, 

,, rewahenaia Reed, 

„ »» > var. eoroidcs Reed, 

Spirifer naraarhenaia Reed (closely allied to S. (Paeckelmonnella) middUmiaai of the 
Fenestella beds of Kashmir). 

gg M pfiuciplicQta Reed (also passage forms between this and the 

preceding), 

Meticul ria haraharenaia Reed, 

„ »> > var, auhplicata Beed. 

Aihyria (Compoaita) aff. prolea Abich (closely resembling A. (Compoaita) protea, var. alula 
Abich, from the Kuling Shales of the Himalaya). 

, Orthotichia sp. 

Lamellibranohiata. 

Janeia aff. Uarmi^a (de. Vern.). 

Castropodb. 

PUurotofnarib, umarienata Reed, 

Some doubtful oatraoods, perhaps assignable to Jontaina, Cytherella and Palesocf/pna. 

The majority of the fossils are brachioods and, in all cases where the material 
ia Buffioiently well preserved for specific identification, the species are new. The 
fauna, comprising only a few genoru, thus has a striking individuality of its own, 
and is not particularly close to any previously described ; its nearest relations are 
partly with the Himalayan and Bussian Permian, and partly with the Carboniferous 
of these and other regions. The presence of Dinocrinus would favour a Lower 
Permian age.* The marine invasion of the Peninsular region, to which this 

1 R€c., lx, 404 (1927h ~ 

* Ihid,, 370. 

* Gertb. Proe. Aon. Akad. WtUrack. Amaterdam, XXXIX No. 7(1936). 
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occiizience bears witness, was of a very transient nature and probably came from, 
the north in Lower Permian times. These Earharbari beds pass up into strata 
of typical Barakar character, which overlap the marine fossil bands to rest probably 
upon the Talchirs, and consist mainly of massive grey sandstones, some of them 
felspathic^' with intercalated coal seams and fire-clays ; four of the six coal seams 
are said to be workable.^ In addition, the sequence includes coarse grits, thin 
pebble beds and reddish and yellow sandstones. 

(b) BARAKAR STAGE. 

Lower boundary. —In places the Barakar, ^ stage which derives its name 
from a river in the Raniganj coalfield, not only r^sts quite conformably upon the 
Talchirs, but the two groups pass into each other. A^erever this happens, it is 
obvious that the lowest beds of the Barakar stage are taxially equivalent to the 
Karharbaris. This complete concordance ‘l^etween the Talchirs and Barakars, 
however, is not always persistent even in the same coalfield* and evidence of slight 
unconformity and erosion is not wanting. In the western parts of the Raniganj 
field} for example, there is no unconformity and the passage from the uppermost 
Talchirs into the basal Damudas is a gradual one though the transition occupies 
but a small thickness of strata, and iu some places it is difficult to define the 
boundary ; in certain stream sections in other parts of the same field, on the other 
hand, a slight discordance can be detected between the Talchirs and Barakars, 
and in the northeast of the basin the former have di^d out and the Barakars, which 
have become considerably thinner, transgress on to the uneven Archaean floor. 
In the Jharia basin, the Barakars overlie the Talchirs with slight unconformity. 
In Karanpura, for long distances the Barakars, the local base of which is by no 
means a constant horizon, rest directly upon Archaean rocks without any inter¬ 
mediate Takhir beds. In the Aurunga field also—and in fact in several other 
Gondwana basins—this overlap of the Barakars on to the basement of metamor- 
phic rocks takes place. The Barakar beds of the Ramgarh coalfield resemble the 
Karharbaris of Giridih in tliat they contain rolled fragments derived from the 
Takhirs.* 

Tbickness.—The thickness of the Barakar stage in the Jharia field, excluding 
the Hariharpur shales, the Petia sandstones and the Shibbabudih shales—threo 
sub-stages which are thought to correspond to the Ironstone Shales of the Rani¬ 
ganj basin as defimited originally by Blanford—is estimated probably to exceed 
2,000 feetif we include the three above-mentioned sub-stages, as Blanfprd 
did, the total comes to about 3,350 feet. In the Raniganj field it is 2,100 feet, in 
North Karanpura 1,500 feet and the same figure is quoted as a maximum for the 
Aurunga field, while the thickness in Ramgarh is said to be 3,000 feet. In the 
Tatapani coalfield there are 900 feet of Barakars but both lower and upper limits 
of the Stage are here ill-defined ; for the Satpura area a doubtful figure of 500 feet 
is given. In the Bisrampur field of Chhattisgarh, these beds are reduc^ ta 
something like 500 feet. In the Chanda area of the Godavari valley, the thickness 
of the Barakars is not more than 250 feet, but further southeast, near Bhadra- 
challam it is a least 600 feet. 

Lithology. —The rooks of the Barakar stage as a whole are coarser than tho^ 
of the Raniganj stage and, excluding the Boulder Bed, much coarser than the 

1 K. P. “Mineral Rosotiroes of Rewa State”, p. 23 (1923). 

* V. Ball Mem,, VI, 113 (1807). 

3 C. S. Pox. Mem,, LVI, 31 (1930). 
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Talchir sediments. With the Talchir, the Barakar stage has an equally extensive 
range over the Peninsula but seems to have derived much of its material from a 
different source. It is composed of conglomerates, sandstones or grits of various 
kinds, shales and coal. 

The pebbles of the conglomerates an pebbly sandstones, some of them ten 
inches across, consist largely of quartzite strongly suggestive of some of the Dharwar 
tocks and not of the Vindhyan saiidstoi^ which figures so typically in the material 
of the Talchir boulders ; in the Hingir ctoalfield of the Mahanadi basin, they include 
Specimens of red jasper, a rock very characteristic, as we have seen, of the Bijawar 
series (Dharwar),! A typical Barakar rock is a conglomerate of small, well-round¬ 
ed, white quartz pebbles in a matrix usually of white sandstones ; such pebbles, 
when weathered out and scattered over the surface, sometimes indicate the presence 
of the conglomerate where the actual rock is not ex])osed in sc^ction. 

The sandstones of the Barakars are mostly light in coloiy, with brown red, 
yellow and other tints, varying to a pure white. They are often current-bedded, 
and t 3 rpically coarse, with pebble horizons of quartzite as already noted. They 
are usually highly felspathic, consisting of grains of quartz and of felspar 
which, like that in other Damuda rocks but unlike that of the Talchir sandstone, 
is almost invariably kaolinised ; the weathered surface of these soft and rather 
massive rocks frequently exhibits small projecting knobs due to calcareous con¬ 
cretions. A whitish felspathic sandstone of this character is seen in localities 
as widely separated as Raniganj in Bengal and Bihar, and Chanda in the Central 
Provinces where it is well developed in the Godavari valley. Finer types of sand¬ 
stone do occur but arc not common. The basal Barakar bed in Karanpura is 
described as a breccia or a coarse grit with angular fragments of the metamorphic 
rocks on which it usually lies, as well as more or less rounded pebbles*; in Raniganj 
it is often a coarse sub-angular conglomerate or boulder bed. 

Other beds comprise micaceous shaly sandstones or sandy shales, the latter 
often carbonaceous, with intercalated seams of coal of various quality, ranging 
up to 100 feet or more in thickness ; bands of ironstone make their appearance 
towards the top of the stage. In the Daniodar valley, the most easterly expo¬ 
sures of the Barakars show a predominance of shales, grey, blue or black, fre¬ 
quently micaceous and more or less sandy, occasionally associated with argil¬ 
laceous iron ore,* often containing seams of coal, and uot infrequently inter-stra¬ 
tified with hard flags. There is, in fact, the same coarsening of the Barakar deposits 
westwards up the Damodar valley as occurs in the case of the Talchirs; from 
Raniganj to Karanpura the conglomeratic bands become tliicker and more fre¬ 
quent and contain larger pebbles, whilst there is in general a deterioration in 
the quality of the coal. 

^ Good building-stone is obtainable from the massive Barakar sandstones. In 
the Rajmahal hills, the stage also includes china clays of good quality, especially 
at Mangal Hat and Patarghatta (Patharghata).* 

The Barakar has been the greatest coal-bearing epoch in the geological history 
of India. The coals of the stage vary much in quality and character in the 
different fields ; they have already been discussed under the general heading 
of Damuda, and will receive further attention in the chapter on individual Gond- 
wana outcrops. 


1 G. S. Fox. Mem., LIX, 174 (1934). 

* A. Jowett. Mem., Ltl, 43, 44. 49, 50, etc. (1925). 

• MurrsF Stuart. Bee,, XXXVIII, 133 (1909). 
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Flora. —With regard to the flora, a« distinct from that of the Karharbari, 
the two groups of Sphcnophyllalcs and Cycadophyi^a attain greater im portance, 
and the Equisetales are su])])lcmentcd by the genus Phylhtheca.^ A list oi Barakar 
plants will be found iu the table on page 934-9. From beds in Mirzapur, believed to 
be of Barakar age, have been obtained some vegetable spores and some papillate 
stomatose cuticles closely resembling Lehachin ; the spores include one-winged,* 
two-winged and unwingcd varieties. 

(c) IRONSTONE SHALES. 

Above the Barakar stage in tlio Eaniganj coalfield of tlie Damodar valley, tliero 
is found a middle stage, unusually artificial in its individuality but remarkably 
uniform in its lithology. It com])rises a gn^at thickness of fine, dark grey or. 
black, carbonaceous shales with numerous bands and nodules of argillaceous 
iron ore varying in thickness up to a]>out a foot. These (^lay-irfinstones vary later¬ 
ally and often lenticular ; sujierficiallv, they become oxiilisod to a reddish brown 
colour, but below a depth of ten feet or so the iron, or at least a part of it, is seen 
to be present in what was no dou])t its original form ?.c., carbonate. Some of 
this mixture of carbonate of iron and clay is carbonaceous, jiroducing that variety 
of clay-ironstone known as ‘‘black-band ’. Towards the base, these Ironstone 
Hhales, as the stage is named, become more sandy and mica<*eous and intercala¬ 
tions of sandstone occur amongst tlicm. As a result of the slow disintegration of 
these shales, the tract covered by them is barren and frequently elevated; 
the rocks, liowever, are not ns a rule well exj)osed on the surface, though their 
])rcsence may be indicated by scattered fragments of ironstone. Tn the good 
ores, which were used until the beginning of the first Great War by the Bengal 
iron & Steel Company in their furnaces at Kulti, the average ])ercentagc of iron 
s between 40 and 45 ; tliese richer ores occupy the lO-foot oxidised zone, the 
ideritic bands deeper down being unattractive both in quality and abundance 
or smelting purposes. Since early times, t}ie surbice ores have been em])loyed 
)y local ayorids. Including the Begunia shales and the Begunia sandstones, tJie 
ronstonc Shales in Kaniganj have a thickness of 1,350 feet.* The junction with 
lie Barakars is rarely visible but when not faulted it is a conformable one ; the 
►assage of the Barakars uj) into the Ironstone Shales is described as much more 
radual than that of the latter stage up into the overlying Raniganj stage. Plant 
emains are abundant but not well preserved ; amongst them have been recognised : 
ra^igamopteris cyclopteroides, Glossopteris imlica, G, ampla, G, damndim (perhaps 
he equivalent of G, i'ndica), Cordaitea (Naeggerathiopsis) hiiilopt\ and many others 
see Table, p 934-9). 

* B. Sahni. Proe. As. Hoc. Peng. New »Scr., XVII, clxi (1921). 

* The supposed unconformity below the Begunia sandstone lias been shown by For, in 

le light of fresh quarry sections, to be a decojitive phenomenon caused by current-bedding of 
i extremely coarse grade in this sandstone ; this incentive to draw the boundary below tho 
egunia sandstone no longer existing, Goc has preferred to draw it at tho top, thus including 
LIS sandstone, which is of typical Barakar aspect, together with some thin shales just bclow» 
ithin the Barakar stage and not in the Ironstone Shales where they had been placed by Blan- 
rd. Blanford's boundaries are retained provisionally iu this work until it can be decided 
hether any modification of the fossil lists should accompany the change made in the boun- 
i>ries of the stage. 30 a 
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The Ironstone Shales, as much, are not found in the Jharia field, but are thought 
to be represented by three of the four sub-stages which make up the “Barren 
Measures” of Fox ; the latter comprise the following :— 


Feet» 

4. Mahuda sandstone.660 

3. Hariharpur shales.150 

2. Petia sandstones .......... GOO 

1. Shibbabudih shales .......... GOO 


Numbers 1, 2 and 3 correspond Blanford’s Ironstone Shales, but it is No. S 
alone which is the equivalent of that stage as restricted by Gee. The “Barren 
Measures” are described as similar in all respects to the Barakars, down into which 
they pass, except for the absence in the former of workable coal seams and 
the conspicuity of carbonaceous shales.i In the “Barren Measures” of the Jharia 
field, sideritic layers are not markedly developed. 

In the Bokaro and Karanpura coalfields, it is possible to recognise a middle* 
Damuda stage between the Barakar and the Raniganj, but exceedingly difficult 
to establish precise horizons for the separation of the three subdivisions. Hughes 
speaks of the Ironstone Shales in these two fields as conformable to the Barakars 
but as being overla])pcd by the Raniganj stage ; Sir Lewis Fermor prefers to re¬ 
gard the Ironstone Shales in the Bokaro field as an uppermost division of thfr 
Barakars since both shales and sandstones are of typical Barakar aspect, and thinks 
there is reason for suj)po8ing that the ironstone nodules of the so-called Ironstone 
Shales are of superficial orgin. The Ironstone stage has been identified in the 
Karanpura field,* and is said to cover a very small area in Ramgarh. In the 
Aurunga, Hutar and south Rewah coalfields, owing to the absence of workable 
coal seams in the Raniganj stage, it is impossible, in the present state of our 
knowledge, to recognise a middle Damuda subdivision. The Motur beds of the 
Satpura region in the Central Provinces are thought to include the equivalents 
of the Ironstone Shales of Raniganj, and aie desciibed on page 956. 

(d) RANIGANJ STAGE. 

Damodar valley, Palamau, Sarguja and southern Rewah. —The highest 
stage of the Damuda series derives its name of Raniganj from the principal town 
of the coal-mining district of Burdwan, where it attains its maximum economic 
importance. Farther west, in Jharia, it is greatly outclassed by the Barakars,. 
and farther still up the Damodar valley, in the Bokaro and Karanpura basins,, 
it is of no importance as a coal-bearing formation. Workable seams, in fact, are 
not found in the Raniganj stage outside the Damodar valley, with the unimportant 
exceptions of Darjeeling and perhaps the Rajmahal area. Like the Barakar the 
Raniganj stage of the type area comprises a great thickness of sandstones, shales 
and coal seams. As a rule, the standstonos are finer in texture than those in 
the Barakar stage and can usually be distinguished on lithological grounds alone.* 
With occasional exceptions, the coarse, white, felspathic grits and conglomerates 

» C. S. Fox. Mem., LVI, 77 (1930). 

* A. Jowett. Mem.,1X1, 125 (1925). In South Karanpura, Feistmantel collected the follow- 
<ng plant reirainB from what he thought were the Ironstone Shales, but the fossils obtained 
seem to belong entirely to the Raniganj stage:—Equisetaceous stems, Teeniopteris danaeoides, 
ifloMOfterh augusHfolia, O, damvdica, 0. retifera, O. conspiem, Gangamopteris cydopterMte^ 
and CordjiUe {NaeggerathiopaU) hislopi (Pal. Ind., Ser. XII, vol. IV, Pt. 2, pp. 14-16 (1366)» 

* E. R Qee. Mm., LXl, 48 (1932). 
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of the Barakars are wanting. The majority of the Raniganj sandstones are grey 
or greenish in tint, even textured, medium grained, obliquely laminated and 
occurring in thick massive beds ; some of the lower types include numerous small 
grains of pink felspar, usually kaolinised. Intercalated within these sandstones 
are lenticular bands of hard, fine-textured, sideritic sandstone, which weathers 
out at the surface in nodular fragments. Shales form a smaller proportion of 
this stage than they do of the Barakar. Beds of this kind include micaceous 
shaly sandstones, sandy shales, and dark grey shales with occasional ironstone 
bands ; some of the shales are carbonaceous. Good quality fire-clay is not found 
in the Raniganj stage. 

An examination by Mr. A. K. Banerji of the heavy mineral constituents of the 
sandstones from four separate horizons showed that these beds are more or less 
arkose with a high proportion of felspar, microcline being in all cases present. 
There is an entire absence of such metamorphic minerals as kyanitc, silimanite 
and alusite, staurolite, cordierite, etc. ; magnetite and ilmenite are also absent 
The majority of the heavy minerals are those associated with igneous rocks, such 
as garnet (predominant), zircon, rutile, biotite, tourmaline, monazite, apatite, and 
an undetermined bluish mineral. The facts that these heavy minerals show no 
noticeable change in character in any of the four horizons and a persistent pre¬ 
dominance of garnet, and that all types, especially the garnets, maintain identical 
physical properties throughout, suggest that the Raniganj sandstones were all 
derived from the degradation products of the same set of rocks and that there 
was no change in the direction of drainage throughout the Raniganj epoch, a 
conclusion already deducible from the absence of any evidence of inter-formational 
unconformity.^ According to Mr. M. C. Poddar, Raniganj can be easily distin¬ 
guished from Barakar sediments })y their heavy mineral contents.® 

The coal seams, ranging up to an individual thickness of over 40 feet, show 
considerable lateral variation both in quality and thickness, but the changes 
are described as being much more gradual and the seams ns much more constant 
in character than is the case in the Barakars ; as the in latter stage, the coal is 
composed of alternately bright and dull layers. The well-known Dishergarh 
seam, containing perhaps the most valuable high-volatile coal in India, is a member 
of the Raniganj stage, and is found in the western parts of the Raniganj field. 
The general characters of Raniganj coal have already been enumerated. 

Occasional boulders are met with in the lower Raniganj strata, sometimes 
in the coal seams. One of these, found in the sandstone roof of a seam, is itselj 
composed of a finer-grained, reddish sandstone resembling certain Vindhyan 
types ; Gee suggests that it was transported to its present site on floating timber 
during the process of sedimentation. 

A spheerosiderite, of the nature of a “coal balF’, was recently found in the 
Dishergarh seam of Raniganj and has been described by Mr. H. S. Rao.* It 
is reported to consist of a heavy black block, some 360 cubic centimetres in volume, 
made up of a number of more or less spherical brown masses of well-preserved 
wood, most of them about one centimetre in diameter, in a matrix of coal. The 
specimen was originally a single block of wood ; it is shown by the fact that there 
is in places a clear transition between the balls of wood and the coaly matrix 


1 E. R. Gee. Mem.. LXI, 49 (1932). 

* Quart, Journ, Geol, Min, Met, Soc. Ind., VII, 45 (1935). 

* H. S. Rao, Bee,. LXIX, 174-183 (1936). 
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and also by the fact that in all the woody fragments the tissues are similarly^ 
orientated. The wood has been identified as belonging to a new species of 
zylon — Z>, farbeliense Bao. The original block evidently became cracked into* 
cuboidal fragments, which ultimately assumed a spheroidal shape, the cracks 
becoming filled up with coaly substance. 

As a general rule, the Raniganj beds are conformable to the Ironstone Shales, 
but the higher stage oversteps the latter with a slight unconformity and rests 
on the Barakars in the Bokaro coalfield, near Hazaribagh. In the case of the 
Karanpura field, the junction between the Raniganj and Ironstone Shales is 
usually very clearly defined ; the lewder boundary of the former is, in fact, lesa 
discernible when it rests directly on the Barakars.^ 

In this stage, plants are abundant and comprise nearly all those of the Barakar 
besides a number of species unknown from any lower horizon. The forms obtained 
from the Raniganj of the Damodar valley and from its equivalents in Nagpur, 
the Narbada valley and south Rewah have been listed in the table on page 93^-9. 
Gwngamo'pteris appears in the Indian flora for the last time, while Olossoptensr 
attains its maximum development, several of the species being restricted to this 
stage. The silicified tree trunks found in this stage have already been described, 
and are common in the Jharia as well as in the Raniganj coalfields ; fossil wood of 
smaller dimensions is plentiful in the topmost of the Raniganj sub-stages. 

In the Raniganj field, this stage attains a maximum development of between 
3,000 and 3,400 feet, but the next stage in ascending order rests upon a de¬ 
nuded surface of Raniganj beds, so that the uppermost horizons of the latter 
foimation are evidently missing. In the extreme east of the Raniganj basin, 
the basal sandstones of the Raniganj measures, as well as the Ironstone Shales, 
have thinned out and the lowermost coal seams of the middle and western parts, 
have disappeared. Some, twenty miles west of the western margin of tho 
Raniganj basin, rocks of the Raniganj stage are exposed in the Jliaria coalfield 
but in this area the foimation, though still containing a few coal seams of value, 
is less imMrtant than it ivS in the lower field and is only about 1,840 feet thick ; 
how mucli of it has been removed by erosion, however, it is impossible to say 
since the next stage in the Gondwana sequence, the Panchet, is absent. 
Nevertheless, according to Fox, the five sub-stages of the Raniganj be"ds in the 
Banigonj field have been recognised (under difterent names) in Jharia ; assuming 
this correlation to be correct, wc must conclude, therefore, that there is a 
. general and uniform thinning of the stage in a westerly direction. In the Bokaro 
field, the coal seams of the Raniganj stage are economically unattractive. Further 
westward up the Bamodar valley, in the Karanpura coalfield, though outcrops 
of coal or carbonaceous shale arc frequently to be met vritli in the Raniganj forma¬ 
tion, the former are thin and there are very few seams of workable thickness. In 
the Auiunga field, the Raniganj stage has a maximum thickness of 1,000 
feet in the eastern parts but is wanting in the west; it contains a thin seam of 
coal of too poor a quality to be of any value. Still further west, in the Tatapani, 
and south Rewah coalfields, even the lithological character of the stage has changed 
the grey and carbonaceous aspect of the shales has given place to the reds and 
browns of the Kamthi type, and the plant fossils are the only guides for the re¬ 
cognition of the beds.* 

Areas outside the^ Damodar valley. —Beyond the limits of the Damodar 
drainage, the Raniganj stage appears to be represented by groups of difterent 


» A. Jowett. Mem,, LIT. 127 (1925). 

* C. S. Fox. Mem., LVin, 206-207 (1931). 
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mineral character. It has been recognised palsdontologioally in southern Bewah 
under the name of the Pali stage or Paii-Daigaon stage, lying upon the Barakars. 
In the Mahanadi and Godavari drainage areas, the Barakars are overlain by a 
thick succession of beds which have been described in different areas by different 
names ; the lowest stage of these beds in the Mahanadi valley is spoken of as the 
Hingir, and that in the Godavari as the Kamthi, both of them proximate equivalents 
of the Baniganj. The Bijori stage of the Satpura region corresponds in its flora 
with the Baniganj, and the Chintalpudi and Dummapett Sandstones of the east 
coast may represent much the same stratigraphical levels. 

Pali stage. —In southern Bewah, the Barakars are overlain by a succession 
of rocks whose relationships have not yet been completely determined but which 
were considered by Mr. T. W. H. Hughes to range up to identifiable Jabalpur 
beds. These so called “Supra-Barakars” are ferruginous in character and 
include a set of beds to which has been given the name of Pali, taken from a 
village near Birshinglipur railway station. By reason of a lithological consangui¬ 
nity, the Pali beds wore at first grouped with the beds found at Parsora. Pox, 
however, has discovered that t.wo separate rock stages are involved, the Parsora 
being younger than tlie Pali. The latter stage includes the beds at Daigaon, Kar- 
kati and elsewhere, as well as those at Pali, and has yielded : Glossopteria mdica, G, 
damudic(iy G, cordata, G, ayujuslijolia, l^chizoneum sp., Vertebraria indicUy Sphenop^ 
teris polymorpha^ the one-winged spore Hymeno-zonotriletes triangularis Mehta, 
the two-winged spores PUyosporites gapjrensis Mehta and P. johillensis Mehta, the 
three-wiuged spore Bravhylrilistrium rewai Mehta, and the wood Mesembrioxylon 
paliense Mehta. The Pali-Daigaoii beds are regarded as the equivalents more or 
less of the Kamthi or Baniganj stage, a correlation formerly favoured by Mr. 
Hugh:s whether there is any discordance between them and the underlying 
Baralar coal measures is not certain. ^ 

In the Umaria area, Gee found the supra-Barakar rocks divisible into a low¬ 
er group of grey, yellow «and orange, soft, felspatliic sandstones, medium to coarse 
in texture, alternating with brightly tinted clays, usually of red, purple or light 
green colour, and an upper sub-division of similar soft sandstones including beds 
of well-rounded quartzite pebbles set in a soft sandy matrix some, if not all, of 
these beds are presumably the equivalents of the Pali. 

LOWER GONDWANAS OF THE SATPURA AREA. 

Succession. —In the Satpura ranges, south of the Narbada, the Lower Gond- 
wanas are fully represented and immediately south of the Pachmarhi plateau 
must be quite 8,000 feet thick.* The succession is remarkably like that found 
in Bengal and Bihar. The Talchir and Barakar stages are easily recognisable, 
enclosing between them beds which probably correspond to the Karharbari phase 
or sub-stage. The Barakar is followed by a succession of rocks which, although 
forming what appears to be a single unit, have been divided into two stages, the 
Motur below and the Bijori above. In a general way, these two stages, which 
everywhere pass vertically one into the other, are the taxial equivalents of the 
Ironstone Shales and Baniganj stage of the Damodar valley. The same distribution 
of carbonaceous matter is also seen in both areas, the coal-less Ironstone Shales 

» Mem,, XXr. Pt. ,3. 73 (1885). " 

* C. S. Fox. LVIir, 172-173 (1931); Ibid. LIX, 179 (1934). 

» Hee., LX, 408 (1927). 

« C. S. Pox. Mem., LIX, 246 (1934). 
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and equally barren Moturs contrasting with the coaly or carbonaceous Baniganj 
beds and Bijoris. The line of division between the Motur and Bijori stages has 
been selected by Crookshank as that separating a lower sub-division in which 
fossils are rare, and an upper in which fossils are common.^ In the Tawa area, 
{^he Barakar rocks appear to pass up into the Motur, but a slight unconformity 
is reported between the two formations in the Bench valley. 

Motur stage. —The Motur beds, named after a village situated about twelve 
miles S.S.E. of Pachmarhi, consist of thick, soft, coarse, earthy, grey and brown 
sandstones, with occasional lenticles of clay and shale, the latter usually sandy 
and very rarely carbonaceous. The sandstones are as thick and massive as those 
in the Pachmarhi beds higher up in the Oondwana sequence, but difter from these 
principally in the prevalence among them of grits with abundant chips of felspar, 
the presence of clay or shale lenticles, and the absence of the conglomerates and 
ferruginous partings so frequently found in the Pachmarhi sandstones. Further 
more, the latter give rise typically to precipitous scarps, rarely seen in the case 
of the Moturs, and produce a more barren form of debris than the stiff white soil 
of the older rocks. The clays of the Motur stage are calcareous and, when un¬ 
weathered, are buff to pale green in colour, but nearer the surface become mot led 
and red, the change in colour being accompanied by a liberation of carbonate of 
lime in a nodular form ; in colour and character they are often very like the Talchir 
clays.* The thick beds of red clay in the Moturs of the Bench valley have nothing 
comparable in the Tawa river section. The extremely scarce fossils in the Moturs 
comprise Glossopteris indica and 0. compicua, found in a lenticle of shale, and 
man^ carbonaceous tree trunks observed in some of the massive sandstones. 
Silicified wood has also been collected from near the base of the stage in both the 
Bench valley and upper Tawa areas. 

No close estimate of the thickness of the Motur stage has been made, but in 
the section southwest of Pachmarhi, Crookshank calculates the total thickness 
of the Moturs and Bijoris to lie between 4,600 and 6,500 feet. Of this 600-800 
feet belong to the Bijori, leaving from 3,900 to 5,700 feet for the thickness of the 
Moturs ; a mean figure for the latter would thus be 4,800 feet. In the Bench 
valley area, the Moturs are thought to exceed 2,000 feet; the underlying 
Barakars are here reduced to between 350 and 400 feet, and are believed to rest 
conformably upon the Talchirs.* 

Bijori stage.—The uppermost part of the Damuda series in the Satpura 
region is well exposed in the upper Denwa valley, at the southern base of the Maha- 
deo (Mahadeva) or Pachmarhi hills. The outcrop is overlooked by the cliff which 
forms the southern limit of the range, and extends for a length of over sixty miles, 
between the exposure of Motur beds to the south and that of the Upper Gond- 
wanas of the hills to the north. Two small faulted inliers have been noted on the 
north side of the range. 

The rocks of this stage, named after the village of Bijori in the Chhindwara 
district, are characteristically Pamuda in aspect, but vary greatly from place to 
place. !ni67 comprise shales, which are occasionally carbonaceous, micaceous 
flags and sandstones ; coal seams are also present but no serious attempt to 
exploit them has so far been made. From east to west, there is an increase in 

» itfem.,IiXVl, 213 (1986). ^ 
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4 trenaceous beds, the predominant rocks near the western end being massive 
sandstones. From the Denwa clays, higher up in the stratigraphical scale, those 
of the Bijori diher in being more shaly and micaceous and in being fossiliferous. 
Minor faults, most of them orientated E.N.B.-W.S.W., are recorded. The beds 
roll in places but dip eventually northwards under the Fachmarhi stage. 

The most important fossil found in the Bijori beds is the skull and a consider" 
s>ble portion of the axial skeleton of a labyrinthodont allied to Archegosaurust 
•described by B. Lydekker under the name of Gondwanosaurus bijoriensis ;^ this 
is the only vertebrate fossil yet obtained from the Damuda series,* Gondtoanosau-^ 
rua is a more specialised type than Archegosaurus, which is chiefly confined to the 
Carboniferous but ranges up into the Lower Permian, the specialisation indicating 
.an approach to the higher labyrinthodonts like Mastodonsaurus and Labyrinthodon ; 
such evidence would place the Bijori beds well within the Permian. This is con¬ 
firmed by the general facies of the flora, which corresponds best with that of the 
Baniganj stage in Bengal. The following plants from the Bijori stage have been 
identified*:— 

Equisetales. 

Schizoneura gondufanensis Feistm., 

^phenophy Hales. 

Sphenophyllum (Trizygia) speciosnm Boyle. 

Filicalcs. 

Sphenopteris {Dichaonia) sp., 

Oladophlohia roylei Arb., Pecopteria phlegopteroidea (Feistm.). 

Cordaitalcs. 

Cordaites {Noeggerathiopaia) hialopi Bunb., 

Pteridosperm^. 

QloaaopUria damudica Feistm. (perhaps cquiyalcnt to G, indiea). 

,, retifera Feistm., 

,, anyuatifolia Brongn., 

„ conapicua Feistm., 

,, indiea 8chimp. (including "Q. communia Feistm.”). 

Gangamopteria cyclopteroidea Feistm., 

,, of. whittiana Feistm., 

Samaropaia cf. parvula Heor., 

Vertebraria indiea Boyle, 

Tree trunks. 

These plant remains are frequent, especially in the argillaceous rocks, the com¬ 
monest being the various species of Olossopteris, Schizoneura gondwanensis, and 
Cladophlebis roylei. The survival of Gangamopteris is of interest, since that genus 
usually disappears at a lower horizon in the Damuda succession. 

« The junction with the overlying Pachmarhi sandstone is an unconformable one 
and is well seen to the east of Tamia. The unconformity is substantiated by the 
irregular manner in which the junction rises and falls, by a sudden change in 
lithology, topography and flora, by a change of dip in some places, and by the 
occurrence, in the Fachmarhi sandstone of certain localities, of large boulders of 
clay similar to that found among the Bijori rocks. Where the Bijoris are 


1 Pal. Ind., Ser. IV, Vol. I, Pt. 4, 1-14 (1885). 

* The Mangli beds of Chanda, in which Brachyopa latictpa occurs, are correlated with the 
Panchets. 

t O. Feistmantel. Bee., XII, 76 (1879); H. Crookshank. Mtm„ LXVI, 219 (1936) 
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overlain by the Lametas and Deccan Trap* there is a marked unconformity* aug4 
mented by the contrast between the Glossopteris fiora of the first and the fossil 
palm trees of the Lametas. As we have seen* the thickness of the Bijori stage 
is between 600 and 800 feet southwest of Pachmarhi, but elsewhere it has beeu 
estimated at about 4*800 feet. 

*‘AI]nob beds”. —The highest beds of the Lower Gondwanas at one point 
below the southern escarpment of the Pachmarhi plateau were at one time dis* 
tinguished under the name of Aimed* from a village at the base of the scarp. The 
beds underlie the Pachmarhi sandstones and pass vertically and horizontally 
into typical Bijoris. They are slightly more arenaceous than is usual in the upper 
parts of the Bijori stage, but the discovery by Dr. Crookshank in at least one 
place of fragments of Olossopteris exactly like the commonest Bijori Variety of 
that plant* puts the Bijori age of the beds beyond dispute. 

LOWER GONDWANAS OF THE MAHANADI BASIN. 

In the various coalfields of the Mahanadi basin, the Barakars in most places 
rest upon the Talcliirs, in the Kumasia and Bisrampur areas almost horizontally 
in the Hingir field, however, they rest directly upon Archaean gneisses. In the 
Talcher field at the southeastern end of the basin, the Barakars with their included 
coal seams have an estimated thickness of 1,800 feet, but towards the other ex¬ 
tremity of the basin, in the Bisrampxir area, this figure is reduced to something 
like 500 feet. Overlying the Barakar beds unconformably in several of the fielda^ 
is a sequence consisting mainly of red sandstones and grits which have been spoken 
of as the Hingir stage and which are probably equivalent to the Kamthi facies 
of the Eaniganj (vide infra) ; in the Rampur (lb river) field, these beds resemble 
the Mahadevas and are barren of coal seams* but undoubted Mahadeva strata 
are recognisable, lying above them. The group consists of coarse* ferruginous 
sandstones and conglomerates* with beds of red shale but no carbonaceous deposits. 
The Hingir sandstones usually possess a matrix of red ochreous clay, which is 
also present in the form of layers in the sandstone. In the shales have been found 
the following fossil plants, in which the carbon has been completely replaced hy 
iron*:— 

Equisc tales. 

Schizoneura gondwanensis Feistm., 

Vertehraria indica Royle, 

Sphenopteria polymorpM Feistm.* 

Ptcopieria ep, 

Ptericlospermse et Fillicalos. 

Oloasopteria indica *Schimp. (including “CJf. comtnttn»ir”)., 

,, browniana (?) Brongn.* 

„ anguatifolia Brongn.* 

In the Talcher area, the beds overlying the Barakar, some 1,500-2,000 feeb^ 
in thickness* have been assigned doubtfully to the Pachmarhi stage of the Maha* 
deva series, but may be the equivalents of the neighbouring Athgarh Sandstone 
(Bajmahal series); if either correlation be correct, there must be a large strati- 
graphical break between the beds and the underlying Barakars, corresponding 
to a discordance apparent in the western part of the field. In the fields between 
Satguja and Bilaspur* the supra-Barakars were at first regarded as Mahadevas 
but later on as Kamthis (Hingirs), but there is no fossil evidence to decide the 
question ; the beds are believed to be unconformable to the coal-bearing Barakar 
beneath. 
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KAMTHI BEDS OF THE WARDHA-GODAVARI BASIN. 

In the Wardha-Godavari basin, the beds which overlie the Barakar stage’ 
tave been described under the title of Kamthi, a name derived from the militar^r 
station twelve miles northeast of the town of Nagpur or rather from a village oik 
the opposite side of the Kanhan river, where a famous quarry has yielded a large 
number of fossils. From the Wardha valley to within a few miles of the deltaio 
deposits of the oast coast near Bllore, the Gondwana system extends in an un¬ 
broken stretch, represented by its various sub-divisions but always pre-eminentljr 
by the Kamthis, here known originally as the Ghintalpudi and Dummapett sand¬ 
stones ; towards the coast, the Kamthis are covered unconformably by plant- 
bods of probably Jurassic age (GolapUlis), followed by marine deposits of Lower 
Cretaceous age. 

The Kamtlii rocks of the type area near Nagpur consist of conglomerates of 
quartz pebbles, grits, sandstones and shales. The grits are usually soft and 
argillaceous but are sometimes sufficiently hard and siliceous to be quarried for 
quernstones; they are frequently iron-stained and often intersected by hard 
ferruginous bands of a dark brown colour. Among the sandstones, which vary 
greatly in character and colour, are fine-grained micaceous varieties, in colour white 
with blotches and irregular streaks of red. One of the most typical members of 
the formation is a very fiiie, massive and homogeneous mudstone, yellow in fresh 
sections but lieconiiug red wlien exposed; it passes into red shale. Another 
characteristic bed is it hard, grey grit or sandstone, ringing under the hammer 
and breaking with a couchoidal fracture. Outside the type area, the Kamthis of 
the Godavari consist mainly of soft, porous, browm or white sandstone, conglo¬ 
meratic in places, often with hard, ferruginous bands, a few red shales, and some 
red or green clays which prevail chiefly in the upper portions of the stage ; here 
and there, however, a bind of one of the cJiaractoristic rocks is met with toward* 
the base of the forinatioii. 

In the Godiivari valley, trough faulting witli a N.W.-S.E., trend continued 
during the deposition of tlie Gondwana sediments, which were not invariably 
restricted to the main valley, as can be seen, for example, in the Bandar coalfield,. 
The floor of the Gondwanas is here composed largely of unfossiliferous Pakhal 
limestones and shales a nd Sullavai sandstones ; judging from the general parallelism 
between the belts of all sediments exposed in the valley, whether old or youngs 
the faulting was responsible for tlvc preservation not only of the Gondwanas but 
of the underlying sednientary rocks of Purana age. In the Nagpur area, Talchirs 
and Kamthis appear from below the Deccan Trap, lying upon the Arch aen, Inliers 
are seen in the Trap to the west, one of them below the Gawilgarh lava scarp; 
these Gawilgarh sandstones are almost certainly of Kamthi age. 

The thickness of the Kamthi stage has not been determined but is undoubtedly 
considerable ; the 5,000-6,000 feet suggested in the preceding edition of this Manual 
is, however, probably far in excess of the truth. Sometimes the beds of this stage 
appear to lie conformably upon the Barakars but the concordance is apparent only,, 
for the Kamthis overlap in a most irregular manner not only the Barakars but also 
the Talchirs and even the Sulla vais, transgressing in some places on to the Pakhals^ 
The Talchirs and Barakars of this region, in fact, crop out at somewhat rare intervale 
and from their distribution, appear to have suffered considerable erosion before 
the deposition of the Kamthi sediments; evidence of such discordance is seen, 
for example, in the Ru jur or Wun coalfield, and also in the Band«ar coalfield. As 
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already mentioned, the Hingir beds of the M^hanadi valley, which are generally 
accepted as the equivalents of the Kamthis, appear to rest unconformably on the 
Barakars in more than one locality. 

The fossil plants of the Kamthi stage comprise the following species':— 
Mquiaetales. 

D. Phyllotheca indica Bunb., 

PtoridospermcB et Filioales. 

D. Vertebraria indica Royle., 

B. P. Oloasoptcria indica Sohimp., 

D. „ damudica Feistm. {vide remarks in table, p. 036),. 

„ atricta Bumb.; 

„ **leptoneura*' Bumb. (probably a variety of 0. anguatifolia), 

D. Oangamopteria cyclopteroidea Feistm. {**0, hygheai Feistm.”). 

Pecoptria sp. 

C^oadophyta. 

TmiopUriaiAngiopteridium) cf. macdellandi (Oldh.), 

D. „ danoBoida “Royle, 

D. „ feddeni (Feistm.), 

Cordaitales. 

D. Oordaitea {Noeggerathiopaia) kialopi Bunb., 

Das Found also in the Damuda s?.ries of Bengal and Behar. 

PasFound also in the Panchet series. 

Of the Bengal and Bihar species, all are found in the Baniganj stage, but not 
all in the stages below; Tceniopteris macclellandi has been found in the Rajmahal 
aeries of the Upper Gondwana. The character of the flora would lead us to regard 
the Kamthis as unquestionably belonging to the Lower Gondwana and homotaxial 
with the Baniganj stage; from their great thickness, they might be expected 
to include part of the Panchet series, but there is no palseontological evidence 
of this. The chief peculiarity which distinguishes the Kamthi from the Baniganj 
or the Bijori is the absence of carbonaceous deposits or been carbonaceous markings. 
In other Damuda sub-divisions with the exception of the Ironstone Shales, the 
plant remains generally retain a portion of their original carbon, but this is very 
rarely the case amongst the Kamthis. 

in. PANCHET SERIES AND ITS EQUIVALENTS 

The term Panchet is derived from an important zamindari in the Baniganj 
coalfield and form a large hill of the same name, the basal portion of which is 
made up of Panchet beds. In order to include within the limits of the Lower 
Gondwana two stages which are found, one in the Pranhita valley and the other 
in southern Bewah, and whose fossil contents place them above the Damuda but 
within the lower division of the Gondwana system, Dr, Cotter initiated a scheme 
whereby the term Panchet series included a basal Panchet stage, followed res¬ 
pectively by the Maleri and Parsora stages. More recent work, however seem 
to indicate that the Maleri belongs to the tipper Gondwana, and that the Parsora 
may be equivalent to some part of the Panchet group of Bihar and Bengal. The 
conclusion has also been drawn that the Mangli stage of the Wardha valley be¬ 
longs to Panchet. The flora of the Panchet beds and their equivalents is decidedly 
a poor one, and it is evident that the rich vegetation of the Baniganj epoch met 
with a check; the Panchet and Parsora floras are those of a dry desert-like 
climate. 

^**GloaaopUrii muaaafidia Bunb.*’ has been omitted fromthis list. 
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The intrusion of mica peridotito, which seems to have affected the coalfields 
of Bihar, Bengal and Darjeeling after the deposition of the Panchet, but which 
may have commenced before the end of that period, will be described under the 
section on the Bajmahal series. 

PANCHET SERIES OF BENGAL AND BIHAR. 

In the type area of the Baniganj coalfield, the rocks of the Panchet series^ 
are seen overlying the coal-bearing Damudas in the southern and eastern portions, 
of the field, though in the latter direction they are to a large extent hidden beneath 
alluvium. This easily recognised sub-division consists mainly of alternations of' 
thick beds of coarse sandstone, some of them a hundred feet thick, and thin bands- 
of fine red clay which vary from a few inches to twenty feet but rarely exceed 
twelve feet in thickness and are continuous over considerable areas. The red 
colour of the clay is probably due to the presence of haematite in fine powder coating 
the clay particles. The red clays sometimes contain thin bands or lenticles of 
white sandstone or clay ; irregular purplish grey limestone nodules are also some¬ 
times included in the red clays. In Karanpura, the masses of red clay, enclosed 
within the current-bedded sandstones, are described as being in some cases blunt- 
ended instead of lenticular.^ The Panchet sandstones are felspathic and micaceous, 
often of a white or greenish white colour, most irregularly and obliquely laminated, 
and evidently deposited by water flowing with a strong current®, the felspar in 
the sandstone is occasionally undecomposed, a peculiarity never found in the 
Damudas though seen in the Talchirs. Conglomeratic beds, though uncommon,, 
sometimes occur in the upper portion of the aeries, the pebbles comprising frag¬ 
ments of coal, shale and other material derived from Damuda rooks; with this 
exception, the Panchet series is completely devoid of coal and carbonised plant 
remains.® Towards the base of the series occur thick, greenish, silty shales and 
greenish bronw mudstones, strongly resembling certain Talchir types; these 
beds contain hrd 3-6-mch calcareous bands intercalated at intervals, and are 
interbedded with brown, micaceous, sandy shales or shaly sandstones, A few" 
bands of impure limestone have also been noted in the lower half of the series. 
From the typical Damuda sediments the Panchets are distinguished by the pre¬ 
sence of red clay, the absence of carbonaceous shales, and the more highly 
micaceous character of most of the sandstones. The red clays, which are very 
characteristic, probably correspond to breaks in the more normal sedimentation, 
of a large river, caused by meandering. 

The thickness of the Panchet series in the Raniganj area is about 2,000 feet 
less than 1,400 feet in Bokaro, and 700 feet at its maximum in Aurunga. Mr. Gee 
found it possible to divide the series into two stages in the Baniganj area the 
Maitur below, passing up into the Hirapur above. The former, 300-400 feet 
thick, is distinguislied by its Talchir-like aspect from the latter which is charac¬ 
terised by coarser sediments, and softer, more micaceous sandstones. To the 
east of Asansol, borings seem to indicate that the Lower Panchet stage is missing^ 
as well as the topmost beds of the underlying Baniganj stage, the Hirapur beds 
thus overlapping the Maiturs on to a probably denuded surface high up in the^ 
Baniganj stage.® In other places, the unconformity at the base of he Panehet 
•a visible and distinct, being most marked in the Bokaro field, where the Panchea. 

Jowett. JI£Btn,f Lllf 134 (1925). 

•T.H. Huxley, Pal Ind. Ser. IV, Vol. I, Pt. 1 (1806). 

»B. B. Gee, Jfem., LXI, 64 (1932). 
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^orm the plinth of Lugn Hill and overlap the Raniganj stage westwards. In full 
sections, no great time interval is represented by the break between the Raniganj 
and Panchet formations. In fact, while in some places the Panchets completely 
overlap the Raniganj, in others, such as the Karanpura field, there is not only no 
visible unconformity but the u])])crmost strata of the Raniganj stage jiosses some 
of the Panchet characteristics, and the change from one to the otlier seems to ha ve 
been more or less gradual. The Panchets are not present in the JJiaria field ; 
they are, however, found both west and east of it, and it is probable that a conti¬ 
nuous sheet of these beds at one time extended across the Jharia ar<',a from Bokaro 
to Raniganj. 

The most important animal remains hitherto observed in the Lower Gondwana 
rocks have been observed in tlie Panchets. In the upper ])ortion of tJie series in 
the Raniganj coalfield, some 500 feet above the base of the formation, there is a 
well-marked conglomeratic band containing reptilian and ampliibian bones, which 
are isolated from one another and sometimes slightly rolled ; they include verte- 
bra 5 and fragments of jaws with teeth, but are not very abundant.^ The S|)eci. 
mens, as described by Professor Huxley and Mr. Lydekker, together with a few 
others whose afhnities arc doubtful, comprise the forms listed below. The plants, 
which are rare and come from a slightly lower horizon, probably not far above the 
Raniganj-Panchet boundary, have been described by Dr. Feistmantel. 2 
Animalia. 

Pisces. 

■pi^h scales, iiicluiiiig tho^o of Aothlt/pteras, 

Amphibia. 

Labyrinthodontia. 

Gonioglyptus longirostrl^ Huxley, 

,, huxle.yi Lyd., 

Glyptognathm frogilia Lyd., 

Pachygonia incurvata Hux., 

Roptilia. 

Dicynodontia. 

Lyatrosaurus orienlalia (Huxley).® 

Binosaxiria. 

Epicampodon {Ankiatrodon) indicum Huxley.* 

Crustacea. 

[Gyziciia] Estheria fnangalienaia (?) Jone«. 

A doubtful brachyurous crab. 

Plantae. 

Bquisotales. 

D. SchizoTUura gondwamnaia Feistm., 

Filicalos. 

Thinnfeldia cdonl^teroidea (Morr.)* 

Pteriodospermae, Filioales aut plautce incorta sedis. 

D. Vertebraria indica Roylo, 

Pecopteria concinna Presl., 

Oyelopteria (?) pachyrhachia G6pp., 

D. „ Oloasopteris indica Schimp (including “G communis**), 

R. „ damtidica Feistm. {vide remarks in table, p. 936) 

R. „ angwti/olia Rrongn., 

iW.T. Rlaoford. Mem., Ill, Pt. 1. 129 (1861). ~ ^ 

tPal Ind. Ser. XII, Vol. Ill, Pt. 2, 51-66 (1880). 

tQriginally DUynodon orienlalia Huxl.; Lydekker pointed out its affinities with 
Owen’s genus, Plychognalhuat a name which however, had been previously cmp( 03 rod for a 
crustacean genus. Ptygoaiagum was proposed by Lydekker, but since it has boon found 
that there are no essential differences between Cope’s genus, Lyatromurua, and Owen’s 
^^pty^b/ogmlhua** and since Lystroaaurua has the priority, the correct naino for the Indian 
fossil would appear to be Lystroaaurua orienlalis. 

*H.C. Das-Gupta. J<mm, Proc. Asia, Hoc, Bef^, New Ser. XXII, 217 (1926). 

•The Panchet age of the horizon from which this foroom was fleeted is not quite 
certain. 


Manual of the Geology of India and Burma, 3rd Edition. 



PANCHET AND PARSORA FOSSILS. 


1. <£ 2. Dicynodon orientalis Huxley. 3. Pecopteris concinna Prcsl. 4. Cyclopteris pachyrhacis Goepp. 
5. Dicroidium ( Thinnfeldia) odontopteroides ( Mott). 6. Danaeopsis hughesi Feistm* 7. Taeniopteris 
stenoneuron ( Schimp ). 8. Samaropsis sp. 
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‘Oordaitalen. 

Samoropiia of paevuUa Heer, 

Oyoadophytft.— 

Tceniopteris {Oleandridium) of. sUnoneuron (Schenk)., 

Oycad scales. 

D—found also in the Damudas. 

The probabilities are that the Panchet corresponds to the greater part if not 
the whole of the Trias. The dicynodont, Lystrosaurns, characterises the basal 
beds of the South African Trias zone); Epicempodon, although 

related to the upper Triassic dinosaurs, Zamlodon and TliecodontosaumSy was 
a particularly small type and its teeth show certain somewhat rudimenta ry features. 
The palseoniscid genus, Amblyptenis, is met with elsewhere in deposits of Car¬ 
boniferous and Permian age and is here a relic of the Palajozoic.^ The flora, 
whioh has been collected almost entirely from a single locality in the Raniganj 
coalfield and from near the base of the formation, is scanty and less conclusive, 
but is not against a Bunter or Lower Triassic age, an allocation in agreement 
with the stratigraphical position of the series above the Upper Permian Raniganj 
stage. Schizoneura yondwanemif^, an abundant form in the Panchets, links them 
with the Damudas; on the other hand, Pecopteris concinnn, anotluir jdentiful 
species, and Cyclopteris pachyrhachis are more in favour of a Rhjetic age. 

There is a consensus of evidence to show that the Panchets are the accumu¬ 
lated sediments of a large river, apparently uninterrupted by the lakes or marsh 
flats which diversified its course from time to time during the preceding Damuda 
period. The meagre flora and the red clay beds suggest an arid climate which 
if it resembled to any close degree its counterpart in Australia, must have been 
warmer than the climate of modern temperate zones, judging from the abundance 
of dragonflies and the large size of other insects found in the Australian Trias. 

MANGLI BEDS OF THE WARDHA VALLEY. 

In the neighbourhood of Mangli (Mangali), a small deserted village at the 
northern extremity of the Wardha Gondwana basin, about fifty miles south of 
the town of Nagpur and thirty-five miles northwest of (’handa, some quarries 
have long existed from which a very fine, red and yellow sandstone is obtained 
and employed in building, chiefly for ornamental jmrposes. The stone is 
described as similar to that of Silewara and other typical exposures of the 
Kamthi stage near Nagpur, and the associated coarser sandstones of Mangli 
differ in no way from the ordinary Kamthi grits. For these reasons, the Mangli 
beds were originally grouped with the Kamthis, but there is much in favour of 
Dr. Cotter’s view that they should be included where W.T. Blanford suggested 
they should be placed, namely, within the Panchet series; to the lower portion 
of this formation, therefore, they are assigned. 

. It was the quarries of Mangli which furnished to the. Rev. Mr. Hislop the first 
,labyrinthodont amphibian fossil discovered in India, Brachyops laficeps the 
'^rizon from which the specimen was obtained has been estimated as occurring 
nt 600-700 feet above the base of the formation and is probably the equivalent 
of the conglomerate of the Panchets found at Deoli ® in the Raniganj coalfield. 

^Identified by Dr. E. I. White; vide Mem , LXI, 69 (1932). 

8Q J G S. Vol. X. 472 (1854); Ibid., XI, 37 (1865). 

•W.H. Hughes. Mem., XIII, 71 (1877); C.S. For. Ibid. LVIII, 158 (1931). 
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The Mangli quarries have also yielded a species of [Cyzicwi] Estheria and a few 
plant remains too poorly preserved for reliable determination, one being the stem, 
of a fem.^ The species of Cyzicus or Estheria was named Estheria mangaliensis by 
Bupert Jones a smaller variety of this form closely resembles the poorly^ 
preserved Cyzicus found in the Panchet series of Bengal and may be identical.. 
Brachyops is supposed to be closely allied to the genus Micropholis, which ia 
characteristic of the Procolophon zone (Lower Trias) of the Beaufort Beds of* 
South Africa,3 and to Bothricaps australis and B. major of the Australian 
Newcastle stage (uppermost Permian). 

Equivalents of the Mangli beds have been recognised around Kawarsa and 
Panwat, about sixteen miles west of the town of Chanda, and also on Balar Hiir 
between Panwat and Wun. From the former of these exposures have been 
obtained: \Cyzicus} Estheria mangaliensis, Phyllotheca indica Glossopteris 
indica, Q, browniana, and fragments of Schizoneura, 

PARSORA STAGE OF SOUTHERN REWAH. 

Around the village of Parsora in southern Eewah are some supra-Bara kar* 
beds whose precise age is disputed but which may be referable to seme part of 
the Panchet series. The Barakars are here succeeded by the Pali beds which 
contain Damuda plant remains and are regarded as equivalent to the Eamthi 
stage. From Pali to Parsora there as a steady northward dip bringing in a younger 
formation with a younger flora. The junction between the Pali and Parsora stages 
is masked, and the apparent lithological similarity between the two is attributed 
by Pox to prolonged exposure above ground-water level, under plateau condi¬ 
tions, of the gently-inclined strata, whereby the rocks have been coloured in¬ 
discriminately by ferric oxide.* 

The Parsora stage consists of extremely fine-grained, dark red, ferruginous 
shales, associated with silico-felspathic sandstones of a yellowish and 
brownish grey colour and highly-coloured sandstones mottled yellow and 
red. The sandstones are described as of Mahadeva aspect, but from the shales 
have been collected.* 

FILICALES— 

* Thinnfeldia (Dicroidium) hughesi (Feistm.) {**DancBopsis hyghesi**, now referred to the 
provisional genus of Thinnfeldia), 

„ „ odontopteroides Morr. (found as high up as the Lower Jurassic in 

Australia). 

,, sahnii Sew, (probably identical with some of the specimens named T. odonto- 
pteroidea (Morr.)* or T. {Dicroidium) feiktmanteli Johnst.)’, 
sp. (perhaps identical with the following species), 

**AspleniumXAlethopteria) whitbyenae'^ (Go5p.) HeerT (OladopUehia denticulata; may well 
be a Thinnfeldia), 

COBDAITALES— 

Oordaitea (Nceggerathiopaia) hialopi Bunb,^ 

iSome of these have been referred by one authority to the conifer, Paliaaya (Feistmantel)., 
Etc,, X, 26 (1877), and by another possibly to the lycopod genus, Knorria (Man, 2nd Ed. 
170 (1893). 

^Pal, 8oc, Foss. Estheriss, p. 78 (1862). 

«G. de P. Cotter. Eec„ XLVIII, 29 (1917). 

LVm, 190 (1931). 

*The recorded presence of Etocalamitea is doubtful. 

•Etc,, LXVI, 236 (1932). 

^Thinnfddia aahnii comes from Chicharia* six miles north of Parsora, and possibly from a * 
h^ghor horizon, 

*G< de P. Cotter notes the possible identity of these broken leaves with a supposed Cerda* 

from the Rhcstic of Tonkin, which Seward suggests may be the same as Phtsnicepais deny- 
atus itom the Stormberg series of South Africa, Bse., XLVIII, 30 (1917). 



vmnasmmxm aovamjaun 


XXII.] 


m 


Foz^ ia kis raoeat re-samy, waa unable to ccmfiim the preseaee of Ocfiaikg 
in the Pafsora beds.^ TMnnfMia odontopieraides and CDaftaeopds^^) hughm 
are charraeterktio of the Tviaa and Bhidtic ; the former is a well-knowiE speeies 
foiuid in South Africa (Molteno Beds), Australia, South America and parts 
of Kurope, while the latter occurs in the uppermost part of the Beaufort 
Beds of South Africa and in the Bhsstic of Tonkin and China.* The 
So-called ^^Aaplenium t^hiibyefkse*^ is a doubtful Baniganj form and is more charac¬ 
teristic of the Jabalpur and Umia beds of the Upper Gondwana ; the supposed 
specimen from the Parsora yeds is quite possibly a THinnfeldia.* In the opinion 
of Seward, who assumed the presence of Cordaites hislopi to be correct, it is in the 
highest degree probable that the Parsora flora is not younger tha LoWer Trias^ 
its most abundant species, in fact, pointing rather to the late Permian of the northern 
hemisphere.* The red coloration in the Parsora beds is regarded by Fox as a 
secondary feature and therefore no clue to climatic conditions. 

LOWER GONDWANAS OF THE GARO HILLS, ASSAM. 

An interesting and important discovery by Sir Cyril Pox proves that Lower 
Gondwana rocks are present in the Garo Hills area of the Shillong Plateau. At 
Singrimari, some carbonaceous shales with which are associated lenticles of coal 
sandstone and grit, have yielded specimens of Vertebraria indica. The beds, Which 
were formerly regarded as Cretaceous, have been assigned by Pox to the Barakar 
as a result of the analysis of the coal, which shows a proportion of volatile matter 
to fixed carbon of 17 to 40. The Singrimari measures dip gently westwards under 
the Jinjaran river alluvium, and are cut by dolerite dykes ; they contain no work¬ 
able seams of coal. The dykes are lithologically identical with the dolerites and 
basaltic lavas and dykes of the Ba jmahal and Deccan Trap; similar dykes are 
found throughout the gneissic area of the Garo Hills.* 

B. UPPER GONDWANA. 

General relattoasbips.—The break between the Lower and Upper Gond¬ 
wana is considered to occur above the change from Palaeozoic to Mesozoic times. 
The Upper Gondwanas as a whole differ little in lithology from the Lower 
division but show greater local variation. In some places clays and shales are 
more predominant and pebble beds less conspicuous, in other places the beds 
consist principally of coarse Sandstone, grit and conglomerate. The sandstones 
are apt to decompose readily into loose sand which covers much of the surface of 
the country and greatly conceals rook outcrops. Seams of coal are fewer, thinner 
and more irregular. Workable seams are known in Cutch and the Narbada valley 
(Lameta Ghat and Jubbulpore) as well as in beds corresponding in age to part of 
the Upper Gondwana in Burma, bu!t are of no great economic importance thin 
rare seams are also foundin the Satpura region and in the Chfldala beds of the 
Godavari valley. Prom the desert climate of the Panchet-Parsora period, there 
was a return to more humid conditions or at any rate to an alternatiott of wet and 
dry seasons, signalised by the appearance of a new flora characterised by the 

f resence of eyc^k, the predominatmg form of which was Ptihphplhm aeuiifoUum. 
t has been suggested that the undecomposed condition of the felspar grismsf in the 


LVm, 190(1931). 

*Q. de P. cotter. Hee., XLVIII, 30 (1017); B. Salmi. Free. Sth Ini. Sci. Gongr. OhXl - 
€;XJri//(1931). 

*A.C. Seward. JRee., LXVI, 237 flOSt). 

242; e^alee B. Sahni. Ph>e. ISthlnd. 3ck Oonfr. I*. 246 (1926). 

Rep. See., LSIVTCf* 76 (1934). 

•O.S. Fox. ifeifl., LVIl, 27 (1931). 
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' Panohet sandstones implies a return to cold conditions, but it is not certain whether 
fach a deduction follows the premise. Hie supersession of the meagre Panchet 
dora by the copious Bajmahal assemblage would, at an}r rate suggest a change from 
rather barren to more fertile conditions; at the same time, the Hahadevas, which 
are presumed to correspond to the Bajmahals of Bengal, show no signs of fertile 
conditions and are more barren even than the Panchets, from whitm it may be 
inferred that the climate in the northeastern corner of the Peninsula was as different 
from that further west as it is today. The change from a mainly Palseozoic to a 
mainly Mesozoic vegetation took place in India during the Triassic period, corres¬ 
ponding closely to the similar change which during Tnassic-Rhsetic times was 
effected in Europe and other parts of the world. The Upper Gondwana flora as a 
whole shows a close general resemblance to the Jurassic and early Cretaceous, 
not only of other parts of Gondwanaland but also of the northern hemisphere, 
and maintains a striking uniformity of character throughout with only com¬ 
paratively slight changes to mark the lapse of time. 

In places, the Upper Gondwanas are seen to overlap the Lower. In the 
Satpura region, the Jabalpur beds overlap not only the Mahadevas but also the 
Bijoris, southwards, and ultimately, in Jamgarh Hill, rest upon the Motur stage. i 

As in the case of the Lower division, the study of the Upper Gondwana flora 
has suffered unavoidably from synonymy, due to the fragmentary and disconnected 
character of the plant remains. Little by little this is being corrected in the light 
of fresh discovery. Not only are the various leaves, stems, flowers and fruits, 
receiving classificatory readjustment but the inter-relationships of some of these 
plant parts are becoming clarifl.ed. The fructification, Williamsonia, for instance 
is now known to have been carried on the stem known as Bucklardia, perhaps 
subtended by the bracts known as Cycadolepis pilosa, and there is excellent reason 
to conclude that the leaves of this plant were those which have been designated 
Ptilophyllum. Similarly, the flowers known as Williamsonidla probably belong 
to the same plant which bore the fronds named by Brongniart T^sniopterU 
vittata. 


MAHADEVA SERIES. 

MAHADEO MILLS OR SATPURA REGION. 

Distribution, structure and sub-division.—Above the beds so far consider¬ 
ed, there ensues in the, region of the Mahadeo hills south of the Narbada valley, a 
auccession of beds in which fossils are rarely found and which, by reason of the 
unconformity at their base, have been classified as the lower part of the Upper 
Gondwana and referred to under the name of Mahadeva.® The name first applied 
to the sandstones of the Pachmarhi hills,’ was subsequently extended to comprise 
all the beds of the Mahadeo basin above the Damudas of the lower Denwa valley 
except those of the Jabalpur series, the Bajmahal series of other localities being 
unrepresented in its trappean and plant-bearing facies. With a maximum width 


iGen. Eep., Bee., LXVH, 67 (1033). 

. ’It has been sni^gested that the stages constituting this series should be included in the 
Lower Gondwana with the Panchet **stage*’ under the title of the Panchet series but further 
work since the suggestion was made has shown that the unconformity at the base of the beds 
under consideration is greater than any of the minor discordances noted at other horizons in 
the system, and that there is little if any break at their upper boundary. 

’T. Oldham. XXV, 352 (1856) $ J.G. Medlicott, Mem., II, 183*267 (1860). 
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in the centre of about twenty*fiye mileB the outcrop of this series stretches E.N.E.- 
W.S.W. for over a hundred miles, the maximum thickness of the beds not exceed** 
ing 5,000 feet.^ The fact that the Mahadevas lie upon Damuda rocks would 
presuppose an unconformity representing at least the Panchet series, and 
evidence of such discordance is duly forthcoming. 

The beds of this Oondwana basin have been warped into one or two broad 
synclina land anticlinal flexures but, disregarding these, there is a prevalent 
dip northwards, accompanied by a progressive decrease in age in the same direction, 
the oldest beds, generally speaking, being exposed along the south. It has been 
suggested that the Narbada valley marks a line of major fracture, and it seems 
highly probable that this dislocation formed the aproximate northern boundary 
of this oasin, which has every appearance of having been that of a lake. The 
present-day riverine tracts are, of course, occupied by a broad alluvial tract which 
conceals not only the fault but also the Gondwana deposits fringing it to the 
south and, if there ever were any, similar deposits along its northern side. Both 
in the neighbourhood of the Narbada plain and further south, the Mahadevas 
are out by important strike faults directed E.N.E.-W.S.W. Many other minor 
faults are occupied by dykes of Deccan Trap oriented in the same genera] 
direction. 

The Mahadeva series of the Mahadeo hills is divisible into three stages 
of deposition, whose inter-relationship may be expressed in a general way as 
follows 


3, Bagra stage. 

2. Denwa stage. 

1. Pachmarhi stage. 

This order of sequence, however, is not strictly and completely chronological. 
The Pachmarhis, for instance, although in a general way forming the basal portion 
of the series, pass laterally eastwards into beds identical with the Denwa rocks 
and are actually underlain by sediments indistinguishable from the latter; the 
two in this way merge into one another by the elimination of the typical members 
of each. The Bagras also are but a conglomeratic variant of the higher portion of 
the Denwa rocks into which they pass laterally. The Mahadeva is best regarded 



Fig. 17. Bagras, Denwas and Pachmarhis merging in to one another. 

^The estimate of “at east 10,000 feet*’, (Man., 2nd Edit., 172) was made tiador the mis¬ 
taken impression that the thickness of the jpachmarhi sandstones was 8,000 feet. 

•C.S. Fox. Mem., LVID, 113 (1931). 
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AAa single stratigraphical unit^ whose stages Bife but three different facies and are 
not everywhere superposed the one over the other.* The rehtionship is ezpremdL 
pictorially in Figure 17, which diows the Fachmarhi sandstones as an 
enormous isolated lens of arenaceous deposits between, either the Denwa clays or 
Bagra conglomerates above and the Bijoris below. 

Pachrarhi stage.—The t^kal Pachmarhi beds, named after the well- 
known hill-station, are singnlaiiy unifomin character, consisting of coarse, white^ 
usually soft sandstones, separated from one another by layers of white, sub- 
angular quartz pebbles. The coarser layers in the beds include angular chips of 
felspar but not to the extent seen in the Motur rocks. According to Dr. Crook- 
shank current-bedding is universal and generally rakes the form of curved part¬ 
ings joining successive pebble beds.* As a rule, the stratification is obscured by 
•ueh oblique lamination, and the different members of the group eidiibit great 
irregularity in superposition and often overlap each other. Both partings and 
bedding planes, over the greater part of the Fachmarhi area, are characterised 
by iron imtrations which weather out in the form of ferruginous slabs, often of 
fantastic shape. Fragments of these ferruginous bands are often found scattered 
in quantities over the surface of the ground and serve to distinguish the outcrop 
of the Fachmarhis from that of other Gondwana rocks. Sometimes the impreg 
nations of iron are confined to pipes or nodules. As already pointed out, similar 
ferruginous depositions are typical of the Samthi-rocks. 

In the typical Fachmarhi area of theMahadeva range, beds of clay are almost 
unknown, but east of the Denwa river they begin to appear among the sandstones^ 
and further cast the Fachmarhis merge insensibly into the Denwa beds. Through¬ 
out a large section, the base of the Fachmarhis consists of a bed of red clay. 

The maximum thickness of the Fachmarhi beds is at least 3,000 feet, but the 
beds dwindle in places to about 500 feet. The Fachmarhi sediments were depo¬ 
sited in water which was shallow but, judging from the absence of ripple-mark¬ 
ing, not so shaUow as that in which the Bijoris accumulated. The Kchmarhi 
sediments would appear to represent a large sand-bank deposited most probably 
in a lake or less likely along the course of a large river. From the absence of 
jasper pebbles in the conglomeratic beds, and from the dip of the current-beddings 
Crookshank deduces that the Fachmarhi sediments were derived, not from the 
north where jae^eroid rocks must have abounded, but from the south. 

The Fachamarhi sandstones occupy high ranges of hills and often weather into 
vertical scarps of great height; these conspicuous cliffs contrast strongly with 
the black precipices of the Deccan traps and the rounded irregular masses of the 
more granitoid metamorphic rocks. The Pachmarhi beds give rise to an excep¬ 
tionally barren soil, on which euphorbias and a few low shrubs are usually the 
only forms of vegetation seen. The peak of Burimai, several miles south of the 

*In view of the great thiokness of the Mahadeva series, and in an attempt at a more closely 
chronological or taxial scheme of subdivision, Crookshank has modified the above arrangement 
by prolonging the line dividing the typical Pachmarhi sandstone from the t^ical Denwas into 
areas east arm west, keeping as near as possible to the same geological horizon. In this way 
thrre results a Fa<dimarhl stage including all those rocks which on field evidence seem to hw 
contemporaneous with the typical Paohmarhis of the main Mahadeva range, even though litho- 
logically they resemble more closely the Denwas. Apparently it was found impractioable to 
do the same with the junction between the Denwa and Mgra,and the latter is treated by Orook- 
ahank aa a eonglomeraUc fSaoic/i of the upper Ds»wa befia. The mapping of smA iU^dAued 
atsgni ie neoaiear^^ ofen arbitrary kind. 
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tahia Mabadeo range, is believed to be an outlier of Facbmarbi sandstone,tower¬ 
ing in a vertical cliff 200 feet above the softer Bijori rocks. 

No fossils are recorded from the Paobmaibi stage, but fragmentary plant re¬ 
mains have been found in beds which, although belonging to the Denwa facies, 
appear to lie on a stratigraphical level with Pachtnarhi horizons; they are described 
asgivingtheimpressionofbeingclosertothe Jabalpur flora than to the BijorL 

Denwa stage.— The typical Fachmarhi beds dip northwards at a low angle 
beneath the Denwa beds. The latter are best exposed along the western course 
of the Denwa river and in the valley of the Dudhi, north of the Fachmarhi 
plateau, and present, as a whole, a marked contrast to the massive Pachmarhi 
sandsotones on which they lie with apparent conformity and into which they pass 
in some places. They are composed principally of soft, variegated clays, thick 
beds of which are interstratified with discontinuous and subordinate bands of 
white sandstone; locally the sandstones are conglomeratic. The absence ef 
white clays and carbonaceous rocks distinguishes these from younger Gondwana 
beds, while the rarity of fossils contracts them with the Lower Gondwanas. 
Occasional erratic boulders have been noted in the Denwa clays near Chaugan; 
none of them shows ice-scratching but,asCrookshank suggests, it is possible fox 
them to have been brought down by ice formed during the winter in any neigh¬ 
bouring mountain region.^ That these erratics may have been derived from the 
Talchir, a stage which underlies the Bagra-Denwa beds in the immediate 
neighbourhood, seems also possible ; such erratics might, presumably, have rolled 
down from higher Talchir ground into the Bagra-Denwa waters after losing any 
ice-grooving they may have originally possessed. 

The Denwa clays are always calcareous and often contain numerous calcite 
nodules. Their colour varies between green, red and buff, red being most chara- 
teristic. Buff clays are common, especially along the boundary with the Pach* 
marhis; mottled red and white, or green and white, colouring is also frequently 
seen. The Denwa sandstones are less massive and much softer than the typical 
Pachmarhi or Jabalpur sandstones, and generally much more conglomeratic than 
the Bijori. The frequency of red jasper among the pebbles in the Denwa beds, 
in contrast to their rarity in the Bijori conglomerates and their absence in the 
Pachmarhis, poipts to the Narbada valley region to the north as the origin of 
the Denwa sediments.* The Denwa beds have yielded Mastodonsaurus i^icu^ 
a labyrinthodont very closely allied to M. gigenteus Jager from the Keuper of 
Wurtemburg, and some obscure plant remains including leaf impressions resem¬ 
bling Phanicopsis and the trunk of a tree. Mastodonsaurus in Europe ranges from 
the Upper Muschelkalk to the Keuper, and is found intheHawkesbury Beds of 
Australia (Middle Trias). 

Bagra “stage”. —The Bagra stage, named after a hill fort built upon it 
where the river Tawa cuts its way through a spur of the Mahadeo hills southeast 
of Hoshangabad, is restricted to the northern margin of the Mahadeva Gondwana 
basin. In the west, it appears to overlie the Denwa beds, overlapping them or 
the Fachmarhi sandstones with marked unconformity; eastwards, the upper 


*Jifsm., LXVI. 271 (1936). 
tjfefii., LXVI, 234-236 (1936). 

Jnd., Ser. IV, Pt. 6, 30 (1886); the speoifio name is given in the British Mnsenm 
Catalogue of Beptilia and Amphibia, Pt. IV, p. 146 (1886). The supposed PsrasaeAtt# 
from the Denwas proved to be a labyrinthodont. 
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beds of the Denwa have been shown to pass laterally into the red banks of con* 
glomerate which form the principal constituent of the Bagra beds. The Bagr& 
facies is very irregular in composition and is more calcareous than the Denwa* 
Although largely composed of conglomerates which are often coarse, it includes^ 
frequent bands of calcareous sand, variegated clay, limestone and dolomite; the 
dolomites are probably accounted for by the presence among the neighbouring 
metamorphic rocks of siliceous dolomitic marble. 

The coarser constituents of the conglomerates are all rounded and vary in 
size from small pebbles to boulders as large as a man’s head; they are cemented 
by a matrix which is usually argillaceous, sometimes calcareous, and frequently 
of a deep red colour. The pebbles and boulders, which have been derived from 
both local and distant sources, are of many kinds, including quartzites, banded 
jaspers and jasperoid conglomerate and other examples of the rocks exposed 
along the northern edge of this Gondwana basin. The quartzites closely resem* 
ble some of the Yindhyan examples exposed on the north side of the Narbada 
near Hoshangabad; the jaspers in all probability come from the Bijawar rocks 
and the jasperiod conglomerate from the Kaimurs, both mainly exposed to the 
north of the Narbada. The conglomerates are occasionally seamed with beds of 
coloured clay. 

Near Mohpani, the conglomerates directly overlie the coal-bearing Damuda 
and similar relationships occur in the vicinity of Bagra, where coal has also been 
found.^ Not infrequently, the Bagra beds are seen lying directly upon 
metamorphic rocks and, in one section, on beds very like the banded hsematite 
quartzites of the Iron Ore series. In places, they rest on the Talchirs, in others 
on the Pachmarhi sandstones. This overlap and irregularity confirms the conclusion 
that the Bagra conglomerates are coastal deposits and merely a shore-line facies 
of the Denwas. 

The Denwa*Bagra succession increases in thickness from zero in the east to 
over 1,000 feet in the Nimbugarh scarps, and to 1,700 feet near Thana. To the 
east and west, it is followed by the Jabalpur series, the junction with which is 
commonly an unconformity; in the south, however, in the deeper parts of the 
basin there is no sign of discordance and the two formations are said to be im-» 
bedded with one another in some places. The only organic remains found in 
the Bagras are some gastropod casts from immediately above {;he contact with 
the metamorphics, and some fossil wood. The possibility that the Mahadevas 
stride the Rhsetic and Upper Trias rather than the Bhsetic and Lias connot be 
entirely ignored, especially if the Denwas are correlated with the Maleris of the 
Godavari valley and the Tikis of Eewah, as Dr. Cotter suggested ; such an alter¬ 
native view would probably necessitate the rejection of the claim that the Denwas 
in places pass up into the Jabalpurs, and the attaching of greater importance to 
the unconformity and marked overlap which the Jabalpurs elsewhere show to¬ 
wards the Denwas. 


GODAVARI VALLEY. 

With the Pachmarhis, especially when these beds assume a Denwa facies have 
been correlated two other formations, one in the Wardha-Godavari area known 
as the Maleri stage, and the other in the southern Bewah basin, the Tiki stage. 
The Maleri stage which, until recently, was associated, terminologically with the 


1C.S. Pox. Mem., LVm, 29 (1931). 
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Kota, is exjposed in the Wardha-Penganga valley and has been named after a 
village withm the State of Hyderabad and some thirty-two miles north-west of 
Sironcha.^ Sir Cyril Pox supports the revival by Dr. Cotter of the earlier 
views of Dr. King that there is a stratigraphical and pabsontological break 
between the Maleri and Kota formations, and that the former is older than the 
latter; at the same time there are reasons for retaining the Maleris—as well as 
the Kotas—in the Upper division of the Gondwana system as defined in this 
work.* 

The Maleri beds, which are slightly but distinctly unconformable to the sub¬ 
jacent Kamthis, consist essentially of bright red clays, interbedded with soft 
light-coloured and open-textured sandstones subordinate in thickness to the clays; 
some of the more compact sandstones enclose green or red clay balls. In places, 
there is marked overlap of the Maleris on to the lower portion of the Eamthi stage. 
In the southeast part of the outcrop, the bottom beds are yellow and red friable 
sandstones with purple sandy clay bands; these gradually change upwards into 
dirtier, slightly calcareous beds with clay balls, the red clays ulWately making 
their appearance with gradually thinning bands of the calcareous sandstone. 
Sometimes the lower members of this sequence are missing and the red clays lie 
directly and unconformably on the gravelly sandstones of the Kamthis. Accord¬ 
ing to Aiyengar, the top of the stage in the type area is composed of about 20 feet 
of sandstones, some of them current-bedded, with one coarse and rubbly layer 
containing reptilian remains.* A thickness of over 2,000 feet is estimated by 
King in one section, but this is thought to be an exceptionally high figure ; there 
is probably great variation in thickness of the stage. The Maleri beds are said to 
show a well-marked lithological reasemblance to the Panchets. 

Fossils are found on the surface of the ground, derived chiefly from the red 
clays, coprolites being much the most abundant and strewn in large numbers 
about the fields. In addition, three species of Ceratodus — C. hunterianus Oldk., 
C. hislopianus Oldh. and C, virapa Oldh.- as well as a species each of two genera of 
reptiles, Hyperodapedon and Parasuchusy viz., Hyperodapedon huxleyi Lyd., and 
Parasuchus hislopi Lyd., have been recognised.* Other remains are laby- 
rinthodont cranial bones with sculpturing so similar to that of specimens found 
at Tiki (Metoposaurus) that it seems probable that they are fragments of the 
same species.* Pieces of coniferous wood have been collected from these beds, 
including Mesemhrioxylon malerianum Sabni and Dadoxylon (Araucarioxylon) 
sp. There is little doubt that the Maleri beds are the equivalents of the Tiki 
beds {q.v,). 


SOUTHERN REWAH AND NORTHERN SARGUJA. 

A large tract of rocks in southern Rewah and northern Sarguja, traversed by 
tributaries of the Son and stretching westwards into he district of Jubbulpore 
in the direction of the Satpura region, is shown on the latest 32-mile geological 
map as Upper Gondwana beds, which succeed the Pali beds of Raniganj age. 
This tract, however, includes the Parsora stage which, as already stated, may 
represent to the lower horizons of the Panchet series and so belong to the lower 

*The name of this village was originally recorded as Maleri but figures on more recent 
maps as Marweli. 

•Mew., LVm, 157 (1931). 

BJRec. 71. 402, p. 403 (1936). 

*L.C. Miall. Pal Ind. Ser, IV.- vol. 1, Pt. 2, 9-17 (1878); R. Lydokker. Ibid,, Pt. 6 (1885). 

»G. de. P. Cotter. Rsc., XLYUl, 26, (1917). 
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Gwdwftna. Jit is qvite posaiUe that the higher portiene of the Panchet tie 
p resent in places. The h^hest Qondwanas of thisjl^t have been referred to the 
Jabalpur series. 

portj miles northeast of Parsora are the Tiki beds; the inter-relationship 
between the two stages is not clear but the balance of evidence seems to favour 
the vmw that the Tiki is younger than the Parsora. The Tiki beds are of typical 
Makri aspect and include sandstone with clay balls; at the top they include about 
16 feet of ferruginous sandstone overlying some 10 feet of fine-grained sandstone, 
some of which is current-bedded and contains partly carbonisd and partly calcified 
fossil wood.^ Prom the Tiki stage the followiog fossils have been collected: a 
jaw fragment and several pieces of cranial bones of a labyrinthodont showing a 
close relationship to Metoposaurus ;* some jaw remains of a species of Pachygonia^ 
another labyrinthodont, probably indentical with the Panchet P. incurvata HuxL* 
the Maleri reptile, Hyperadapedon huxleyi Lyd., a species of the crocodilian, 
Belodon; the dinosaur, Massospandylus, a Karroo genus and a species of Unio.^ 

There seems little doubt that the Maleri and Tiki beds are more or less equivalent 
and the fauna, therefore, may be consideed collectively.* The labyrinthodont® 
first appeared in the Carboniferous and, there is some reason to believe, died ou^ 
in the Thsetic. Metoposaurus is a genus ranging from upper Muschelkalk to 
Keupcr. The genus, Hyperodapedon, is found in the Keuper of Europe. Belodon 
has Triassic afiinities and Parasuchus belongs to a Triassic sub-order. The dipnoan, 
CeratoduSy in South Africa ranges from the Cygnognathus zone of the Upper Beau¬ 
fort Beds (Middle Trias) to the Eed Beds of the Stormberg series (uppermost Trias) 
and is found in the Trias and Jurassic of Europe as well as in the Upper Jurassic 
of Victoria in Australia. The genus Massospondylus is also found in the Red 
Beds of South Africa. Vnio is rare below the Oolite but is found in the Hawkesbury 
beds of Australia and doubtfully in the American Trias.’ 

The above analysis of the fauna by Dr. Cotter constrained him to group the 
Maleris and Tikis, as well as the Den was, with the Panchet series and therefore 
members of the Lower Oondwana division, and as “Upper Triassic, possibly 


1N.K.N. Aiyengar. Bec„ 71, 405 (1936). 

‘The fragment of the lower jaw was mistakenly described by Lydekker as part of the 
maxilla. 

‘R. Lydekker. Rec. XV, 26 (1882). 

tAt first doubtfully identified as Theeodontosaurus, R. Lydekker. Pal. Ind., Ser. IV, 
Vol.I, Pt. 6,28-29(1886). 

*M.R. Sahni and A. P. Tewari have since described from the Tiki beds a Triassic imionid 
fauna (from collections by Messrs. K.K.N. Aiyengar and C. Nagoswar Rao); 

Tikhia eorrugata Sahni and Tewari, 

T, navia Sahni and Tewari, 

ST. coMpreaaa Sahni and Tewari, 

T. auhangukUa Sahni and Tewari. 

(Current Science, yol. 24, No. 6* June 1966; Bee., LXXXVII, pt. 2 (1963)). 

^PtilophyUnm acuti/olium, Tcenioptma (Anbiopteridium) apatulata, PaUaya con/erta 
and P. (?) indiea ate recorded as having been collected from **Chirakunt” (CWakota, southwest 
of Jaagaon)* a village which on King’s map is marked within the Maleri boundary though not 
much more than a mile from the adjoining Kotas. The plant remains are almost certainly 
Kota, and the beds around Charakota, although appearing on the map as Maleri, are alluded to 
in his text as Kota. A slight adjustment of King’s Maferi-Kotaboundry is probably needed. 
Additional collections of reptile remains by Mr. Aiyengar are under examination by the Baron 
von Huene of Tfibingen. 

’CX Sasamileh. *<Ceology of New South Wales*’. Srd Edit., 118 (1022). 
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lUiflBtio/’ in 1^6. pieaence of tke Pachffgania, espeoiaUj if identical with the 
Paac^t speciea, is interestii^ and may be survival if a Rluetic age be assigned to 
ihe Tiki-llaleii beds. In addition to the organic remains already mentioned, some 
well-preserved coniferous wood from the Tiki beds has been shown to belong to 
Mesembnoxylon {Malerianum Sahni), a genus which, so far as present records go, 
rimges from Jurassic to Recent.^ Sir Cyril Fox allotted the three stages, Maleri^ 
Tiki, and Denwa to the Upper Gondwana, where they were originally placed; 
he would at the same time agree with Dr. Eling in dissociating them from the Kota 
beds which both authorities would place above the Maleris. Provisionally, the 
Tiki and Maleri beds may be assignd to the Rhaetic, but the possibility of their 
belonging tothe Upper—or Upper and Middle—Trias must not be overlooked.* 

MAHANANDI VALLEY. 

In the Mahanadi valley, the Upper Gondwanas of the Talcher coalfield are 
thought to be represented by about 800 feet of grits and conglomerates, which 
are ferruginous and contain beds of jaspery ironstone like those seen in the 
Hahadevas of the Mahadeo hills. They lie upon beds which have been referred 
to the Kamthis and which exhibit a somewhat greater degree of disturbance. 
The presumed Mahadeva beds are the youngest exposed in this area; they have 
been compared with the Athgarh Sandstone found nearer the coast, and may 
be approximately of the same age. 

In the Hingir coalfield, northwest of the Talcher area, the Barkras are over- 
lain by the Hingir beds which are believed to be the equivalents of the Kamthis 
or Raniganj. It is doubtful whether any Upper Gondwana rocks are exposed in 
this area. 

Further northwest, between Korba and Dharmjayagarh is an expanse of supra 
Barakar sandstones which are either Hingirs or Mahadevas. 

North of the last-mentioned area, a small patch of doubtful Mahadeva bed 
as been noted in Filka Hill in the Bisrampur coalfield, situated in the wide low¬ 
lands of central Sarguja. No fossils have been found in these beds. 

DAMODAR VALLEY AND COUNTRY IN A LINE TO THE WEST. 

Tatapani.—The Mahadeva beds of the Tatapani coalfield form the eastern 
termination of the large Upper Gondwana tract which covers somuch of southen 
Rewah and northern Sarguja. Throughout a large section of their boundary 
they succeed the Panchet series, but invarious places they are in contact with 
the Raniganj or even the Barakar, nor is this junction always a faulted one. In 
apite of an apparent conformity in dip between the Mahadevas and the under¬ 
lying Lower Gondwana beds, there are good grounds for suspecting an overlap 
of appreciable magnitude. The Mahadevas, consisting mostly of thick beds of 
ferruginous, gritty sandstone, generally current-bedded and with the characteristic 
ferruginous partings, occupy a large poportion of the field and give rise to bold 

^A.C. Seward. “Fossil Plants”, IV, 173 (1919). Pal. Ind.. New Ser.. XI, Pt. 2. p. 63 (1931 )> 
Another species, JUT. godwianum Sahni, was obtained either from the Maleri or from the Kota 
beds, the locality being “Bo^apalmila” {Ibid,, p. 59). A species of D^doxylon, D, {Araucari^ 
nylon) sp., comes from the Tiki beds between Mirwar and Ohakwa {Ibid,, p. 71). 

*0.8. Fox agrees with Cotter attributing a Bhastic to Keuper age to the Maleri stage, and 
a Lower Oolitic to Liassio age to the Kota. The difference between the two obseryera lies chiefly 
in the level at which the boundary between the Lower and Upper Gondwana is to be drawn. 
Jfim. LVin, 92, 231-232, etc. (1931). 
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escarpments, the steepness of which is due to extensive jointing,^ Some 800 
feet of these beds, which are the youngest sedimentaries of the area, are present 
and are traversed here and there by dykes of Deccan Trap; in some pla^s the 
trap has pushed its way in sheets between the Mahadevas and the Lower Gondwanas. 

Hlitar. —In Hutar,in the Palamau district, Dunn estimates the thickness of 
the Mahadevas to be much less than 1,000 feet.* Both Panchet and Banigau} 
are absent in this field and Mahadevas, which build up the highr hills, rest upon 
Barakar beds, with no visible discordance. The more luxuriant vegetation to 
which the Mahadeva rocks give rise,as compared with the more parched country 
of the Lower Gondwanas, is well illustrated in Hutar as it is in Tatapani. Gries- 
bach explains this as due to the fact that, on decomposition, the Mahadevas of 
this area produce a heavy clay soil capable of supporting perennial streams, 
whereas the Barakars are remarkable for the dryness of their soil which is so sandy 
that the rivers fiowing over it rarely contain any appreciable water during the dry 
season. While the Mahadeva country of Hutar is characterised by fresh sal and 
mixed forest, with ferns, arums, grasss and mosses, the black, scorched and dusty 
jungles of the Barakars and Talchirs can only boast of dry thorn bush and speciea 
of mimosa trees. 

The Daltonganj (Palamau) coalfield, north of Hutar, has nothing younger 
than Barakar beds. 

Aamnga. —The Mahadeva rocks of the Aurunga field, in the Palamau dis- 
trict, occur in small isolated outliers. In the eastern portion of the area, Bani<- 
ganj and Panchet beds intervene between the Barakars below and the so-called 
Mahadevas above; in the western part of Aurunga, as in the Hutar field, the 
Mahadeva beds lie unconformably, though not visibly so, upon the Barakars. Lt 
the Auunga arear, the maximum thickness of the Mahadeva series remaining 
undenuded has been estimated at 1,000 feet, the beds occupying the few hilla 
with scarped sides in the flat or gently rolling terrain. The rocks consist chiefly 
of ferruginous sandstone with extremely sparse strings of iron-stained quartz- 
pebbles, and occasional thin partings of dense red clay; there are also whito 
friable grits, from which the iron has been segregated into dense ferruginous plates.. 
As in the neighbouring Hutar field, conglomerates are scarce. 

Karanpora. —Still proceeding eastwards, we find that overlying the Panchet^' 
and forming the great central hill masses of the Karanpura coalfield in the dis¬ 
trict of Hazaribagh are some massive sandstones or grits, varying in colour from 
bright red to yellow and white, assigned by Jowett to the Mahadeva series. The 
Sandstones are highly current-bedded and characterised by layers of sub-angular 
iron-stained pebbles; locally the pebbles are sufficiently numerous to constitute 
a conglomerate. Flaggy beds of finer texture are rare, and the nearest approach 
to a shale is a hard, ^e-grained, micaceous sandy rock; carbonaceous material 
is abesent. The steadiest dips are southerly and westerly, but the beds are not 
far from horizontal, and give rise to striking escarpments with screes of large 
cuboidal blocks. 

The three largest exposures are faulted along their southern boundaries. la 
most places these sandstones appear to rest conformably upon the Panchets, 
but an overlap of the older by the younger rocks has been proved by Dr. Jowett. 

'^C.L. Griesbaoh. Afem. XV, pt. 2-20, (18d0). The reported diBOOyery of AUthopUris and 
QlouopUrva is extremely doubtful, the remains are more likely to have come from Panchet beds- 

•In C.S. Fox., Msm. LIX, 154 (1934). 
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The hills of Pazichet rocks are capped by these supra-Panchet beds, bnt in one 
hill the latter lie directly upon Barakar rocks. In a few cases, the discordanb 
ziature of the lower boundary is distinctly visible, and in one place the supra-Pan** 
chets rest on a considerably disturbed sequence of Panchet and Ranigan] beds, 
which must have undergone local folding, faulting and denudation before the 
deposition of the younger beds.^ 

Bokaro,—Supra-Panchets or supposed Mahadeva beds are again recognised 
in the Bokaro field further east, and no doubt at one time they as well as the under¬ 
lying Panchets stretched continuously across the Jharia field from Baniganj to 
Bokaro and thence westwards to Karanpura, Aurunga and beyond. Nothing 
remains of them in the Jharia area. In Bokaro they form the summit of Lugu 
Hill, lying upon Panchet beds, the junction with which is concealed by detritus.^ 
The beds, which consist of coarse conglomerates, grits and sandstones, highly 
impregnated with iron, and generally reddish in colour, resemble in every way 
similar beds capping Panchet Hill in the Raniganj coalfield further east. 

Neither the Supra-Panchets nor the Panchets are found in the Ramgarh field 
or the Jharia field. 

Raniganj.—Along the southern edge of the Raniganj coalfield a series of 
coarse pebbly sandstones with subordinate dark-red clays are seen resting at intervala 
on the Upper Panchet strata. Mr. Gee describes the beds as covering an area of 
about four square miles and constituting the higher portions of Panchet, Gorangi 
and Biharinath Hills. The junction with the underlying Panchets is believed 
to be an unconformable one, but the slopes of these hills are so covered with small 
trees and undergrowth, and strewn with so many boulders and other detritua 
that the boundary is rarely observable. The thickness of the supra-Panchet beds 
on Panchet and Biharinath Hills is at least 1,000 and may be as much as, 1,200* 
feet.2 The beds include yellowish grey to red, ferruginous, felspathic sandstones, 
most of them comparatively soft in texture and becoming friable on weathering* 
Several of the sandstones contain numerous rounded or partially rounded pebbles 
consisting largely of white or pinkish quartzite; such conglomeratic sandstonea 
are well exposed on the summits of Panchet and Biharinath, where they are 
practically horizontal. Associated with these strata are bands of white felspathic 
sandstones of medium texture, and of red and brownish clay, often shaly and mica¬ 
ceous. The clays have yielded a few imperfect and unidentifiable remains of plant 
stems and leaves.’ It is quite probable that this supra-Panchet rocks are the 
equivalents of the Dubrajpur beds of the rajmahal hills (g. v.), and that both 
correspond to the lowest stage (Pachmarhi) of the Mahadeva series ; it muts 
be remembered that the generally unfossiliferous nature of the Mahadeva beds 
their softness and easy of weathering render their recognition a matter of soma 
uncertainty. 

Rajmahal Hills.—In the Rajmahal hills of Bengal, the Lower Gondwana 
are overlain by a succssion of coarse sandstones, grits ahd conglomerates, name 
after the village of Dubrajpur, situated about forty miles north of Suri. Shaly 
sandstones are occasionally met with but fine-grained beds are not common. Most 
of the coarser members are ferruginouo,and a frequently occuring form of con* 
glomerate, precisely similar to one found in the supposed Mahadeva beds of the 

* A. Jowett. Mem. LII, pt. 1, 137 (1925). 

» E. R. Gee. Mem. LXI, 61 (1932). 

» W. T. Blanford. Mem. Ill, 131 (1861). 
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Dsmodar vaUey, consists of quarts pebbles in a ferruginous matrix.^ The 
Dubrajj^nr sediments have petrological resemblances to the Barakars and were 
at one ume equated with the Kamthis,* but the discovery by Mr. O. V. Hobson 
of specimens of Unto in the Dubrajpurs has established their relationship to the 
overlying Bajmahal Series in spite of their resemblance to Damuda sandstones,’ 
they are, in fact, **infra-trappan*’ to the Bajmahal volcanic series, and probably 
belong to the basal part of the Mahadeva succession. 

Along the western scarp of the Bajmahal hills, the rocks of the Dubrajpur 
stage rest partly upon Barakars and partl;^ upon the Archssan. the Barakars 
being repeatedly overlapped by the Dubrajpur beds in a manner which show 
the two to be quite unconformable one to the other; the upper boundary of the 
Dubrajpurs with the Bajmahal beds is also an unconformame one. The greatest 
thickness of the stage in the Bajmahal area does not exceed 450 feet. Some 
specimens of a cycadaceous plant (Ptilophyllum) were once found near the southern 
extremity of the hills in the uppermost beds underlying the Bajmahal trap, but 
there is some little doubt as to whether this fossiliferous band may not belong to 
the Bajmahal series itself.’ 


BAJMAHAL SERIES. 

One of the best known series of the Upper Gondwana division derives its name 
from the Bajmahal range in Bengal, extending from the Ganges at Colgong south¬ 
wards to the neighbourhood of Suri in Birbhum, a distance of some hundred miles, 
throughout which the beds are displayed. Some outcrops of Upper Gondwana 
deposits along the east coast of the Peninsula include fossiliferous rocks which 
have been spoken of freely as Bajmahal but which are probably younger. The 
Bajmahal series may be devided into two phases or stages, the mutual relation¬ 
ship of which may be expressed in a general way as follows — 

2. The Bajmahal Traps. 

1. The Bajmhal Plant Beds. 

In the type area, the Bajmahal volcanic beds, resting on the Dubrajpur stages 
are interbedded with sedimentary bands, the lowest of which are the Bajmahal 
Plant Beds. It will be convenient, therefore, to consider these two stages—if they 
can be so called—conjointly. The sedimentary bands, insignificant in thickness 
but some of them rich in plant remains, are held to have been deposited during 
the intervals which elapsed between the volcanic outbursts, and the possibility 
that any of the basal sheets are sills and not flows is remote. These conclusions 
are based on the facts that the separate bands of shale and sandstone differ from 
each other in mineral character, and that whilst the upper surface of some of the 
shaly beds has been hardened and altered by contact with overlying basalt, the 
lowelr surface is never so affected; furthermore, many of the traps are amygdaloidal. 

1 V. Ball. Mem XIII. pt. 2, 46 (1877). 

* E. Vredenbnrg. * * A summary of the Geology of India’ *, 2nd Edit., 129 (1010). 

* Qen. Bepl., Bee, LXII, 146-146 (1629). 

< O.FeiBtmatitel,P<il./nd.,Ser. XIT, Vol. HI, Pt. 2, p. 69(1880). The specimens of PA^Bo- 
iheca rebusta Feistm. from Dubrajpur are labelled doubtfully as of Raniganj or Bajmahal age, 
and are compared with a Permian species— P, 9cht8chttrou>8kii{a%c) Sohmalh. from the Kusnezk 
basin of southwestern Siberia. The Baniganj stage, however, does not appear to have been 
recognised in the Bajmahal hills and, since P. robueta has been indentified in the Lower Bowen 
aeries (Lower POTmian) of Queensland, the Indian specimens probably came from rocks mapped 
as Baxiakar which crop out in the neighbourhood of Dubrajpur village. 

* The term <^ajmahal” has frequently been used tor the Bajmahal Plant Beds. The 
tatter are best regardkl as a stage, forming only a smaU proportion of the Bajmahal series and 
occurring at its dmo. The volcanic beds forming the upper and greater portion of the Bajmahal 
eeriaa should correspond approximately with the Ul-defoed Kota stage of the Godavari vaUaj. 
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The sedimentary beds are composed chiefly of hard, white and grey shab,. 
carbonaceous shale, white and grey sandstone, and hard quartzose grit. No 
fossils have been found in the upper inter-trappeans, the plant remains being 
restricted to the older intercalations. Some of the clays are suitable for the 
nmnufacture of porcelain, while some of the sands are said to be sufficiently pure 
for use in glass manufacture.^ 

The trap rocks are all dark in colour, and vary from a very tough, flne-grained. 
micro>dolerite ('‘anamesite”), ringing under the hammer and fracturing with 
edges almost as sharp as those of a quartzite, to a comparatively soft^ coarsely 
crystalline basalt, usually containing olivine in large quantities. The amygdules 
in the amygdular varieties usually contain some form of silica such as agate^ 
chalcedony or rock-crystal; less frequently, zeolites are found, stilbite being the 
commonest, natrolite less abundant, and analcime the least often seen. It ia 
not usual to find the cavities lined with green earth, as is so frequently the case 
amongst the amygdaloidal forms of the Deccan Trap. Some of the traps carry 
palagonite which appears to consist of zeolitised portions of an original glassy 
magma.^ 


Very little light is thrown on the source of the basaltic rocks by any observa¬ 
tions within the central part of the Rajmahal area, but there is one instance of 
an intrusive mass which may possibly mark the site of an old volcanic outburst; 
close to Simra, twenty-two miles S.S.E. of Colgong, there occurs a group of small 
conical hills, composed of pinkish trachyte, porphyritic in places, and surrounded 
by Damuda rocks. The ground is much obscured by superficial deposits, but there 
is some reason for supposing that the core of a volcanic vent is here exposed, made 
up of the more acid residuum of the latest discharge. Dykes are rare in the Raj- 
mahal area itself but basic dykes and intrusions, some of them believed to be of 
Rajmahal age, are abundant in the coalfields of the Damodar valley, and in the 
portion of Birbhum lying southwest of the Rajmahal hills both dykes and cores 
of basalt are common. Which of these intrusions belong to the Rajmahal and 
which to the Deccan Trap, it has not in every case been determined, and the possi- 
bility of the Simra exposures marking the vent of a Deccan Trap extrusion cannot 
yet be definitely put aside. As in the case of the Deccan Trap, the original source 
of the Rajmahal extrusions is difficult to determine, but it is possible that the 
principal vents lay to the southwest and probably took the form of fault fissurea 
on the other hand, they may have been covered by the Ganges allumium to the 
east. Whether or not one of the foci of eruption occupied the region imme¬ 
diately north of the Raniganj coalfield, it is far from improbable that the bedded 
traps of the Rajmahal hills had originally a considerable extension to the south 
west and south, though no single outKer has survived to confirm the inference. 
There is, in fact, a probability that a large tract in the Damodar valley including 
the whole Raniganj field, was once occupied by bedded traps. The occurrence of 
Rajmahal traps in the Abor hills, and possibly also in the Dafla hills, of the eastera 
Himalaya, has already been described. 

The lithological resemblance between the Rajmahal and the Deccan traps ia 
curiously close and aroused much comment in view of the fact that a whole geolo¬ 
gical s^temseparatesJhejnd^ofjone^fom^ 


I M. Stuart. Mee, XXXVII. 19M98 (1908); Ibid., XXXVIII, 133-148 (1909). 

* C. AJlKton*' B^'.SlW^^aWjfc's.MiddlemiM. /»«.;XXn.226-227{l«8»). 
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cnrious, and acoumnlatively so, is the lack of resemblance between the Bajmabal 
trap and that of Sylhet, tbougb the periods of the two must approximately coin¬ 
cide. Whether or not we regard the Bajmahal volcanic activity as a forerunner 
of the Deccan Trap, it seems justifiable to look upon it as an accompaniment of 
eome of the earth movements which faulted down the Gondwana sediments along 
the lines of their basins. In chemical composition, the resemblance to the Decan 
traps is extremely close, as the following analyses by H. S. Washington show.^ 

Chemical .\nalysis. 

By eliminating the water-contenent in the case of the Bajmahal and Bombay 
specimens, it will be seen that the rocks are still nearer to each other in compo¬ 
sition. The specific gravity of the Bajmahal specimen was found to be 2-886. 



Bajmahal trap 
from 

Ramchanda rpur. 

Deccan trap : mean 
of three analyees, 
Bombay Presidency, 

Deccan trap ; 
mean of four 
analyses. Central 
Provinces, 
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The bedded basaltic traps of the Bajmahal hills, with their associated sedi 
mentary beds, attain a thickness of at least 2,000 feet, of which the non-voloanic 
portion never exceeds 100 feet in the aggregate, individual beds varying from 
2 to 30 and averaging between 4 and 5 feet in thickness. Ten distinct flows of 
trap, averaging 75 feet each in thickness, have been mapped by Mr. G. V. Hobson 
who has noted a few dolerite dykes in association with the lavas, and has drawn 
attention to the faulted condition of the Bajmahal succession* ; the total number 

1 BuU, Oeol Soe Amer , Yol 33, p. 774 (1922). 

* C. 8. Fox. Mem, LVIII, 204 (1931). 















RAJMAHAL FLORA. 


2. Gleichenites gleichenaides Sc M Schimp. 2. (a.b.) Pecopteris lobata Oldb. 3. Ttieniopteris spatulata 
McCl. 4. Taeniopteris lata Oldh. 5. Nilssonia raimahaUnsis TMorr). 6* Ptilophyllum acutifolium Mon, 
7. Otozamites bengalensis O. & M. 8, Dictyozamites faleatus 0,8c M. 9. Williatnsonia indica Sew. 
20. Elatocladits conferta Feittnu 
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of flows must be more than double the number distinguished by Hobson. Many 
of the dykes appear to belong to the Deccan Trap and not the Bajmahal period.^ 

The Rajmall^ls rest with general parallelism on the grits and coarse sand- 
atones of the Dubrajpur stage, but there are several instances of overlap, and in 
one locality at least there is evidence of denudation of the Dubrajpur beds before 
the de]position of the Bajmahals. It is quite likely that the Dubrajpur beds of 
the Bajmahal hills and Damodar valley were at one time completely covered by 
the Bajmahal traps. 

The difference in age between the Bajmahal series on the one hand and all the 
Lower Gondwana rocks including the Damudas and Panchets on the other, is 
well illustrated by a change in the flora and by the much greater amount of dis¬ 
turbance to which the Damuda rocks have been subjected. The Bajmahal traps 
of the Bajmahal hills are almost horizontal, though not quite so free from fault¬ 
ing as they were at first thought to be. The igneous intrusions of the Damodar 
valley are more fully considered later. 

By far the greater number of the Bajmahal fossils have been obtained from 
two bands of fine-grained, light-coloured shales, the lower 10-15 feet and the upper 
25-30 feet thick, separated from each other by a lava flow and both underlain 
i.nd overlain by other beds of trap with intercalations of sandstones and shale; 
in the Pachwara coalfield, the lowest of the inter-trappean beds is a sandstone 
containing specimens of Unto like those found in the Dubrajpur beds. The 
following is a list of the plant remains identified from the two shale bands :— 
Equisetalefl.— 

Equi8€tit€i rajmahaleitssia Sohimp. 

Lycopodiftles.— 

Lycopodites gracilis {"M-ott,), . Beferredtoin the past as Cheirolepis or Araucarites ; 

found in the Iiower Jurassic of Argentina and probably 
identical with the English Jurassic L.falcatus Lind. 
Pteridospermae, Filicales and Plants? incertae sedis.— 

Maraitiopsis macrocarpa (Morr,). Genus referred to in the past as AspUnites or Pecopter is 

Thinnfddia indica Feistm, . Found in the Lower Jurassic of Victora ; identical with 

Pecopteris salicifolia Mott. 

QUichenites gleichenoides (Morr.), A very abundant form ; found in the Lower Cretaceous 

of Queensland and identical with Q, '‘*hindra bunensis 
Schimp”. 

Cladophlebis denticulala Brongn.® 

Coniopteris hymenophylloides Brongn. The equivalent of‘*<Sp/*enop^en> arguta*' L. &H”. 

JSphenopieris hislopi (O. & M.). 

Pecopteris lobaia O. & M. 

Danaeopsis rajmabalensis (Schimp). 

Cycadophyta.— 

Ptilophylliim acutifolium Morr. . Genus referred to in the past as Palaeozamia includes 

Feistmantel’s* ‘ Otozamites ablreviaiua ’ *. 

,, ciitchense Morr. . Almost certainly indistinguishable from P. affine Feistm. 

P. rigidum Schimp, Otozamites angustatus Feistm., 
O. hislopi Oldh. and O. gracilis (Kurr.) ; almost indis¬ 
tinguishable from the English Jurassic P.percent PhilL 
which is perhaps the equivalent of P. acutifolium* 

Williamsonia microps Feistm. . Probably the equivalent of IF. fe/aw/ordi Feistm., a strobi- 

lus from CutcJi which might well belong to the plant 
which boro the fronds of Ptilophylliim acutifolium, 
„ indica Sew. . Equivalent to W, gig as Carr. 

,, cf. setosa Nath. 

„ sewardiana Sahni . Flowers of Ptilophyllum ciitchense* 


. 1 A. S. Kalapesi, S. K. Chhapgar and B. N. Sukheswala. Quart, Journ, Qeol, dg Met, Soc, 
Jnd„ XV 127-131 (1943). 

* A. C. Seward and B. Sahni. Pal. Ind. New Ser., Vol. VII, No. 1, 20 (1920). 

» A. C. Seward. “Fossil Plants”, III, 515. (1910;. 

* Professor B. Sahni has essayed an interesting reconstruction of this plant [Pal. Ind,, 
New Ser., Vol. XX, Mem, 3, Pt. Ill (1932).]. . 
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S^Uondia indiea 8ew.» . . Steodi* wMoh bore the WiUwmamia uwardimiM flcrraie 

end the PtihpkylUm eutehense fronds. 

Oiozamites htngaltnstB (O. ft M.), Found also in the Jurassio of W. Australia. 

odftrietaales Feistm., . Found also in the Jurassio of the Antarctica. Inseparable 
from PHlophf^llum, according to Seward. 

Dietyozamitesl* *IHctyopterie* *] fa katus{MorT,), 

M ,» M var. obtusa (Morr.), 

TcenujjpUris (**^JItacrotaniopteris”) lata Oldh, Found also in S. Africa), 

„ „ morrisai Oldh., 

,9 ». ovata (Schimp), 

,t ». crassinervia (Feistm.), 

„ (^*Angiopieridium**) spaluiaia (McClell.),* 

„ „ cf. maceUllandi (Morr.), 

tt f> tmsia Oldh., 

NiUaonia ffineapa (0. ft M.), . Genus referred to in the past as Petrophyllum Anoma* 

zamitea or Platypterigium, 

,, rajmahalenaia (NLon,) , Synonymous with **Eyeadites rajamahalenaiaM.on,,'* 

* *C. confertua Morr. * * and“G. blanfardianua Oldh * *. 

,, htndro&unensts Sew ft Sahni, Synonymous with Petrophyllum rajamahalenaar 


[* *Anomozamitea *'] faaa (Feistm.), 
l^*Pter^hyllum*''\ medlicottiana O. ft M.> 

morriaiana O. ft M., . Synonymous with **PterophyUum rajamahalenae var.. 

lata O. ft M.* ‘P. earterianum Oldh ’ *. and“P. prop'll- 

quum Gop.** and probably '^Paeudoctenia enai/ormia**. 
Found also in the*'Lower Jurassic of Argentina, 

orientalia (Heer), 

eompia(Phill.), . . Found also in the Jurassic of New Zealand. 


Crookshank refers to Nilaaonia orientalea and N» compta as^Rajmahal forms**. {Mem.^ 
LXVI, 252 (1936). Both species have been found in Afghanistan (Pa/. Jnd,, New Ser., IV, 
Mam, 4,28, and 33), but I cannot find any record of their occurrence in the Bajmahal. If there 
ia any doubt about it, these two species should be deleted from the abovd list. If it is certain 
that they are Bajmahal species, it should be stated opposite each that this form has been found 
in Afghanistan. Anomozamitea nilaaonia is another. This should also be deleted if there* 
is any doubt ; the name arouses one’s suspicion. 


Anoffiosamttes cf. nilaaonia 

Podozamitea {**Pterophylitim* *) diatana (Fresh). 

Coniferales.— 

^Dadoxylon (Araucarioxykm) rajmahalenae Sahni.^ 

iStrobilitea paacoei Sahni, . . Affinities obscure ; perhaps the fructification of the* 

wood. PentoxyUm,* 

Coniferocaulon sp. .A decorticated conifer stem.* 

Conitea rajmahalenaia Sahni, . A female cone.* 

Elatocladua conferta {O, A'ilL.), . Genus referred to in the pastas ** Cunning hamitea**' 

or* * Pa/MS. aya * ’ Found also in the J urassic of Victoria^ 
New Zealand and Antarctica. 

ReUnoaporitea ["PaKsspa*’} indwa (O. ft M.), 

Pagiophyllum [* 'PachyphyUum'*] cf. peregrinum (Schimp), 

A1hroiaxitea [**Echinoatrobua*^'] indieua O. ft M., 

BraehyphyUum expanaum (Sternb.) A European Jurassic form,* 

„ mamiUare Bvongn,, C*Echinoatrobua rajmahalenaia Veiatm,**) % 

Coiiifi»rous wood (indeterminable). 

Angiospermae.— 

Bonumyion raj mahalenae Sahni, From an unknown horison and locality in the Bajma¬ 
hal hills.* 


^Perhaps the deciduous leves of Pentoxyhn, a wood of coniferous type, according to the* 
researches of Messrs. A. B. Bao and B. P. Srivastava; if so, it is, as Professor Sahni pionts out, 
an interesting combination of cyoadean and coniferous features {26th Ind. 3ei* Congr,, Calcutta,, 
1938, Praa. Addr. Mot, Sect.), 

* Pal, Ind ,9 New Ser., Xl, Pt. II, 68, (I931)i; locality unknown but in the Bajniahal hiBs. 

* B. Sahani. Praa. Addr, Mot, Sect, 26th Jnd. Sci, Congr, (1938). 

* B. Sahni, Pal. Ind,^ New Ser., XI, Pt. II, 78 (1931). 

* Pal. Jnd., New Ser., XI, Pt. I, 36 (1928). 
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Beoentty many of the above species have been found in other localities and with 
them a few new forms which must now be added to the Bajmahal flora :' 

Filicales.— 

CladopUehis indica 0. & M., 

S^nopUria rajmaJtaHenaia Sahni & Bao, 

Rhizamopteria sp., 

Sagenopteria bhambhanii Jacob,* 

Tinpaharia sinuosa Jacob. Probably the vegetative organs of Coniopteria hymenophyUoUU,, 
Hauamannia (?) sp. 

Cyoadoph 3 rta.— 

Ptilophyllum tenerrimum (Feistm.), 

Otozamitea parallellua (Feistm.), 

Pterophyllum inciaum Sahn & Bao, 

Dictyozamitea indicua Feistm., 

„ hallei Sahni & Bao, 

Taeniopteria macelellandi 0. & M., 

Zamitea proximi Feistm., 

Cycadolepia ? sp., 

Cycad sedds, probably of Nilaaonia, 

Coniferales.— 

Ontheodendron florini Sahni & Bao., 

Araucariiea sp. (cone scales), 

Elatocladua tenerrima (Feistm.), 

Conitea hohaoni Sahni. 

Incertie sedis.— 

Podozamitea sp., 

Lycoxylon indicnm Sriv. 

Pentoxylon aahnii Sriv. 

Nipanioxylon guptai Sriv.® 

Nipanioatrobua ahanii Kao. 

Sakriatrobua sp.’ 

Masculostrobtta rajmahalensia Rao.® A male cone, 

Rajmahalia paradeoxa Sahni & Bao. Perhaps a Bennettitalean flower. 

Winged pollen and spores. Probably Pityoaporites sp. and including Podoaporitea tripah* 
ahi Rao, a three-winged spore, and Alisporitea jiirassicaua Rao, a two winged variety. 

Many of the forms in the above lists are confined to the Bajmahal Plant Beds, 
Rajmahalia is a new plant, probably gymnospermous, the remains including 
scarred axes, silicified wood and seeds, and what appears to be an inverted funnel- 
shaped organ over the receptacle of a Bennettitalean flower. The commonest 
genera in this flora are Nilssonia and Ptilophyllum. Williamsonia sewardi is a 
flower very similar to W. scotica Sew., 8 bon^e specially on a cycadean 
stem {Buchlandia indica) covered with an armour of persistent leaf-bases 
from which, as Sir Albert Seward has shown, sprang the foliage known 

1 B. Sahni & A. R. Rao. J. A. 8. B., New Ser. Vol. XXVII, 186—7 (1931). 

* Jaurn. Ind. Bot, 8cic., XVIII, 204 (1940). 

« B. Sahni. Proc. 19th Ind. 8ci. Congr., 322 (1932). 

® Ibid., 268 ; also 25th Ind. Sci, Cong. (1938)., B. P. Srirastava. 22nd Ind. Sci. Congr, 

» Ibid., 286. 

* A. B. Bao. Proc. 25th Ind. Sci. Congr., 153 (1938); G an. Rapt. Rec. 73, 24 (1938). 

» Jmrn. Ind. Bot. Soc., XVIII, 204 (1940). 

9 Ibid. p. 36. 

9GS1/64 


Perhaps the cones of Brachyphyllum mamillare.* 


Perhaps equivalent to Lycopoditea gracilia Morr., 
Probably the steam of Toanioptaria apatulata,* 

A female cone, probably of the same plant as Maaculo* 
atr<^H8,^ 


32 
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under tlie name of Ptilophyllum cutchense} The most striking feature in 
the above list is the marked change in the forms of life as compared with those 
in the Lower Gondwana. In Bengal at least, there is as great a break in the 
flora as there is in the stratigraphy, the vegetation of ^he Upper being strikingly 
different from that of the Lower Gondwana. The most prevalent forms in the 
latter are Equisetaceae and leaves of the Glossopteris type ; cycads, although 
appearing as early as Barakar (Lower Permian) times, occupy, only a subordinate 
position in the flora. In the Upper Gondwana, and especially in the Bajmahal 
series, on the other hand, the Cordaitales, the glossopterids and a host of other 
fern-like plants have disappeared, the Cycadophyta predominate and are fre¬ 
quently so abundant individually as to form the mass of the vegetation, and the 
rival group of the conifers has made its appearance.® The cycads, especially 
PtilophyUnmamtifoliumt are as abundant in, and as characteristic of the Rajmahal 
series as Glossopteris and Vertebraria are in the case of the Dalnudas. 

The period of the Rajmahal floia has generally been regarded as the Lias; 
Feistmantel was of opinion that it exhibitis some relations to Rhsstic forms.® The 
Rajmahal traps no doubt range up into the Oolites, and may be regarded as 
corresponding to some extent to the ill-established Kota stage. 

BASIC INTRUSIVES OF THE DAMODAR VALLEY AND OTHER PARTS. 

Two Phases.—In the Damodar valley, the Rajmahal series is probably re¬ 
presented by some at least of the dykes and sills of trap rock which seam the rocks 
of the coalfields. The igneous intrusions of these regions are of two kinds, corres¬ 
ponding to a difference in age, and consist in one case of mica peridotites or 
lamprophjrres, and the other of dolerites or basalts. The peridotito or ultra- 
basic phase is closely associated with faulting and with the coal seams ; and has 
materialised in a very irregular manner ; in these features its intrusions difier 
from the doleritic or basaltic dykes of the basic phase whose trend across the 
strata is regular, quite unattracted by the coal seams and almost uninfluenced 
by fault planes.^ This may well be due, as Fox suggests, to the fact that all the 
more easily filled fissures had been appropriated by the earlier peridotite intrusions 
Actual mutual contacts between the ultra-basic and basic types have been observed 
in the Giridih field, where a large dyke of basalt cuts a thin dyke of peridotite 
furtherinore, the dolerites and basalts are to be seen continuous across faults or 
across coal seams which have been intruded by peridotite sills. It is concluded, 
therefore, that the peridotite is definitely older than the dolerite, but since the 
former is younger than most at least of the faulting and traverses beds as high as 
the Panchets, its priority is one of no excessive degree. Neither the peridotite 
nor the dolerite show signs of crushing. The absence of peridotite intrusions 
from beds above the Panchets might seem to favour the deduction that the ultra- 
bftsic intrusions took place at the end of the Lower and before the beginning of 
the Upper Gondwana, but such absence is of limited significance in view of the 
smallness and infrequency of the outcrops of these supra-Panchet beds in the 
Damodar valley and the ultra-basic intrusions may be regarded provisionally 
as of Rajmahal age. 

1 Qen, Bept- Bee,, LXV, 22 (1931). 

* B. Sahni. Proc, 8th Ind. Set, Congr,, clxiii, cixiv (1921). 

® Pal Ind,, Sor. U, Vol. 2. p. 168 (1877). 

® C. S. Pox. Mem, LVI, 116-127 (1930);. 

» T. H. HoUand and W. Saise. Bee.; XXVIII, 130 (1896). 
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Mica-peridotites.—The mica-peridotite type intrusions are to be found 
in the Raniganj, Jharia, Bokaro, South Karanpura, Giridih and Jainti coalfields 
as well as in the Lower Gondw^nas of the Darjeeling Himalaya, but are absent 
from the more westerly coal basins and from the Rajmahal area. Occasionally 
the peridotites, like tfie dolerites, occur ag well-marked vertical dykes of regular 
direction, with a width in some cases of 30 feet or even twice that amount, and 
giving off few or no branches. The majority, however, although of the same 
composition, are characterised by an irregular habit due, it is thought, to an un¬ 
usual degree of fluidity, and are less than three feet across, grading down in size to 
minute veins and ^hin films. Occosionally they thicken to boss-like masses, and 
ramifications in the form of both dykes and sills and may vary in thickness in the 
same intrusion from a few inches to over a hundred feet; in certain areas they form 
an intricate network and have played havoc with the coal seams which they have 
invaded. As would be expected, they show a predilection for the coal seams, 
as offering tfie easiest path, especially along planes of special weakness such as 
the top and bottom of a seam. This predilection is well seen in the Raniganj 
field ; in those parts of tfie basin in which the thick seams of the Upper Damuda 
have apparently died out, the peridotite intrusions arc largely confined to the 
Barakar stage ; in which the thick seams persist. Peridotite sills, the pests of tfie 
coalfields, are on the whole more widespread in the Barakar than in the Raniganj 
coal measures, the reason being presumably that the former stage was first to bo 
reached by the uprising magma. The sill, lenticular in section, usually range up 
to three or four feet in thickness and extend in the form of flat, root-like horizontal 
apophyses ; the anastomosing of such sills within the same seam may spoil the 
whole of it. The peridotites are always decomposed at the surface producing a 
soft, crumbling, buff coloured earth. 

The peridotite intrusions are intimately connected with the faulting of the 
Gondwanas and are always more abundant in those parts of the coal seams which 
lie near faults. Occasionally, the more vertical intrusions transgress a line of 
faulting, especially the line of a minor fault, but the major dislocations have 
served as the main channels up which the magma found its way until a suitable 
stratum was reached along the bedding planes of which it could digress with ease 
in a horizontal direction there are many instances of a dyke following the line 
of a prominent fault, or extending parallel to and within a very short distance 
of it. 

While the term, mica-peridotite, is applicable to many of these readily W'eather- 
ing ultra-basic intrusives, and especially to those in the Giridih coalfield, many 
of them are more of the nature of lamprophyres, and others exhibit differences 
from both these types.- Coarse and finely crystalline varieties, with or without 
visible crystals of altered olivine, are sporadically distributed ; a few of the dykes 
are amygdaloidal. Distinct flow structure is occasionally seen in these rocks 
even in the narrow dykes and pipes. The peridotites posses a noticeable feature 
in the presence of specks or plates of biotite and in some cases, more especially 
in the Darjeeling intrusions, of anthopliyllite f the normal intrusion, however 
is frequently cut up by veins of material almost free from biotite. Among the few 
minerals recognisable in these ultra-basics under the microscope, quartz is seen 


1 E. R. Ck!e. Mem. LXI, 84 (1932); C. S. Fox Ibid., LVI, 110 (1930). 

2 E. R. Gee. Mem. LXI, 88 (1932). 

» T. H. Holland. Bee. XXVII, 130 (1804). 
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Intel grown with felspar or occurring in vesicular cavities suggestive of geodes.^ 
In all varieties the most characteristic constituent is appatite, and analyses show 
the rook to be muchmore highly phospha tic than is customary in normal peridotites 
or lamprophyres. Whether this very high phosphorus-content—over 5 per¬ 
cent. of P 2 Os (corresponding to 11 per cent, of apatite) in some of the Giridih 
peridotites—is derived from the coal whose phosphorus percentage is higher than 
usual, or whether it comes from the surrounding metamorphic rocks, it would 
be difficult to say ; certain it is that the metamorphic rocks which cradle the coal¬ 
fields of the Damodar valley and adjacent areas are abnormally high in phosphorus, 
and it is not unlikely that both the peridotites and the coal derived their unusually 
high phosphorus-content from the ancient rocks of the catchment area. Unlike 
the corresponding rocks in South Africa, the peridotites of the Indian Gondwanas 
have not been found to carry diamonds. 

The effect of the peridotites on the coal is the production of a natural coke 
or semi-coke, known in the vernacular SLsjhama. This dull, dense, hard product 
formed at great depth under immense pressure, varies in consistency according 
to its distance from the igneous intrusion, but much of it still contains 10 or 11 
per cent, of volatile matter ; only along the actual contact with the intrusives 
as a rule, is there complete caking. Even the narrow dykes, where they pass 
through coal seams, are bordered on either side by a zone of coke two or three 
feet thick, possessing a beautiful columnar structure caused by the contraction 
resulting from the loss of volatile matter; even along the small cracks between the 
columns, thin films of igneous matter have found their way.* The “blowers” 
of gas, sometimes met with in the coal mines, are perhaps relics of this ancient 
distillation but no trace of tar has been observed.® Although an excellent smoke¬ 
less fuel, jAama is difficult to extract and the cost of mining it is against its exploita¬ 
tion. In the Jharia field alone the coal ruined by igneous intrusions within 2,000 
feet of the surface amounts to hundreds of millions of tons. This phenomenon 
or natural coke formation must not, of course, be confused with that of “burnt 
outcrops” ; it has been noted also in Bokaro, Darjeeling and the Bench valley 
coalfields as the effect of either the peridotites or the dolerites. 

The sandstones and shales of the Damuda series have likewise not escaped 
baking in the immediate vicinity of the peridoite intrusions, the sandstone in 
some caseshaving been fused to a rock having such a close resemblance to a rhyolite 
that it might be mistaken for such.^ Such drastic effects point to an exceptionally 
high temperature. 

Dolerite and basalt. —Almost every coalfield of the Gondwanas contains 
dykes and occasionally sills of dolerite and basalt and in most cases, this igneous 
material is definitely of Deccan Trap age.® The nearest post-Palseozoic efiusives 
to the dolerite dykes in the lower part of the Damodar valley are the Rajmahal 
traps. Geographically, the Damodar valley dykes are a link between the traps 
of Bajmahal (middle Jurassic) and the lavas of the Deccan Trap (uppermost Cre¬ 
taceous to Eocene), and the question whether this link is not at the same time 
a chronological one might well be asked. We have already had an example in 

1 C. S. Fox. Mem., LVI, 116 (1930). 

* T. H. Holland & W. Saise. Bee., XXVIII, 122 (1895). 

■ C. S. Fox. Mem., LVII, 60 (1931). 

® T. H. Holland. Bee., XXVII, 130 (1894). 

• 0. S. Fox. Mem., LVI, 22 (1931). 
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the case of the Fanjal Trap of a volcanic phase stretching across the time-scale— 
in other words, beginning and ending earlier in one place than it did in another. 

It would not be impossible for the Deccan Trap outbursts to have commenced 
early in Jurassic times in the Bajmahal area, and to have spread slowly westwards, . 
the bulk of this vast effusion dating from the end of the Cretaceous. Nevertheless, 
in spite of the fact that the Bajmahal traps and the Deccan traps are practically 
indistinguishable from each other petrologically, there is no definite evidence 
of continuous vulcanicity from Bajmahal to Deccan Trap times, and it is safer 
for the present to regard the two as distinct suites of intrusions. Beyond the 
Damodar watershed, dolerite dykes are found in the Aurunga, Hutar and Dal- 
tonganj coalfields of Falamau, but are uncommon and are unaccompanied by 
peridotites ; here they have every appearance of belonging to the traps of the 
Deccan, as undoubtedly do the dolerite dykes of the Satpura and Eewah areas. In 
the Darjeeling area, dolerites are absent and the dykes are composed entirely of 
the peridotite variety. That the dolerite and basalt dykes of the Bajmahal, 
Baniganj, Jharia, Giridih, Jainti, Bokaro and Karanpuracoalfields are consi¬ 
derably oldor than they are in other Gondwana regions does not appear to be pro¬ 
bable, and is negatived by some investigations on the ratio of the lead content 
to that of uranium and thorium in the dykes under consideration.^ Assuming 
the age of an igneous rock to be : 


per cent, of lead 

percent.ofuranium-4-<J*36per cent, of thorium 


X (e 7, 600 million years. 


the age of the dolerite and basalt dykes in tliC Bajmahal area, as well as in the 
Baniganj, Jharia and Giridih coalfields, works out to be much the same as that 
of the Deccan traps, most of wdiich are early Tertiary. The relationships of the 
dykes in the seven coalfields mentioned above make it advisable to describe 
them here instead of under the heading of the Deccan Trap to which they 
properly belong. 

The dolerite and basalt dykes of the above-mentioned areas are in most cases 
readily distinguishable in the field from the peridotite intrusions by their greater 
thickness, their characteristic jointing and their spheroidal mode of weathering ; 
they are sometimes as much as 100 feet thick. They give oft* no branches and 
arc regular in trend except for occasional slight ‘’jinks” which are suspected to 
be the result of late minor faults. Only occasionally, as in the Karanpura field* 
are they associated or coincident with the main lines of faulting ; they arc un¬ 
deflected by the coal seams and, unlike the peridotite instrusions, they extend 
beyond the boundary of Gondwana outcrops into the gneiss. The dykes are 
arranged usually in two sets more or less at right angles to each other, an arrange¬ 
ment no doubt determined by the direction of the joint-planes or foliation-planes 
of the intruded rockfe ; in Jharia, for instance, the two sets run W.N.W.-E.S.E. 
(parallel to the general trend of the basin) and N.N.E.-S.S.W. The effect of the 
dolerite upon the coal, where a dyke crosses a seam, is very much less than that 
produced by the peridotite or lamprophyre, in spite of the greater average thick¬ 
ness of the less basic rocks ; the margins of coke are less conspicuous, and the 
total result of the intrusion, from an economic point of view, has not been very 
serious. The material of the dolerites makes a useful road metal. 


A S Kalapesi S. K. Chhapgar and R. N. Sukheswala, Quart, Journ, Gevl. Min, <t- MeL 
Soc. Ind,] XV, 127-131 (1943). 

* A. Jowott, Mem,, Lll> 143 (1926). 
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The number of these dykes is said to diminish gradually in the coalfields of the 
Damodar valley from east to west. In the Jhilmili coalfield of the Sarguja region, 
intrusions of dolerite believed to be of Deccan Trap age are to be observed along 
the line of the northern boundary fault and may possibly have been contempo¬ 
raneous with the dislocation.^ Outside the coalfields there is a danger of con¬ 
fusing the Ba jmahal or Deccan Trap dykes with much older eruptions such as those 
in southern Monghyr, Hazaribagb and Chota Nagpur, but there is not the same 
abundance of extensive basaltic intrusions in these areas as there is in Birbhum. 

SYLHET TRAP. 

Belonging in all probability to the period of the Bajmahal suite of igneous 
effusion is a trap found in the southern escarpment of the Shillong plateau and 
known as the Sylhet Trap. For a distance of about forty miles, it is extensively 
and interruptedly exposed along the margin of the plateau to the north of Sunam- 
ganj in the Sylhet district of Assam. The main outcrop has a very constant width 
of from 2 J to 2J miles, but there is a rapid decrease in thickness in the Khasi Hills 
where, from a total of 1,500 feet it diminishes in a comparatively short distance 
to a few feet.2 Except along the north all the outcrops are bounded by the over- 
lying Cretaceous. The northern boundary is with the gneiss or with the Shillong 
series ; the peculiar straightness and coincident E.-W. alignment of the northern 
boundaries of the outcrops have suggested the presence of a fault, but exactly 
similar straight and parallel boundaries are seen between the trap and the Cre¬ 
taceous, between the Cretaceous and the Eocene (or Palaeocene) and between the 
latter and the Upper Tertiary, and would seem to be the result rather of an extremely 
regular folding, and of the long straight master joints which afterwards affected 
the overlying Cretaceou s sandstones as well as older rocks, Medlicott has expressed 
the opinion that the trap was piled up against a precipitous face of the meta- 
morphic rocks in one place the trap has the appearance of lying in a pocket 
of the gneiss. 

For the most part, the Sylhet trap flows consist of dark blue bedded 
spheroidal andesites, showing a rough stratification Otnd dipping to the south and 
southwest at angles varying from 19° to 25°. Hornblende and augite are both 
present, the former often showing “resorption borders”.* In other places the rock 
is basaltic, the felspars ranging from acid oligoclase to basic labradorite and some 
varieties contain olivine, which is always serpentinised or chloritised.® The rock 
may be earthy, compact or amygdaloidal, the steam cavities in the last being 
usually filled with calcite. Some of the olivine-bearing varieties are said to be 
very like common forms of the Deccan Trap. Amongst the lavas, ash beds are 
not rare, and large lapilli are occasionally seen ; some of the ashes are described 
as friable, and appear to be characteristic of the upper horizons. 

'Sometimes the dip of the trap agrees roughly with that of the overlying Cre¬ 
taceous sediments, but there can be no doubt that a break occurs between the two 
and that the sandstones rest on a denuded surface of the lava ; such unconformity 
is well seen in the Tharia river section. The Sylhet traps and ashes are exposed 
in valleys and low-lying tracts, and are confined to the area affected by the mono- 

1 C. S. Pox. Mem., LIX, 200 (1934). 

* Gen. Rep. Rec., 72,87 (1937). 

» M&m., VII, 187 (1871). 

* R. W. Palmer. Rec., LV, 168 (1923). 

* Oen. Rep. Ree., 72, 88 (1937). 
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clinal fold along the southern edge of the plateau. The formation is of considerable 
thickness and, therefore, probably of much greater extent original^; its southward 
and westward extension is now covered, partly by Cretaceous and Tertiary deposits, 
but mostly by the Recent alluvium of Sylhet and Mymensingh. It may even be 
continuous beneath these younger sediments with the Rajmahal traps, the nearest 
exposure of which is about two hundred miles distant. 

In places, strong dykes of the trap, with transverse prismatic structure, traverse 
the main mass and seem to penetrate the gneiss for short distances. 

It has been suggested that the Sylhet Trap is represented by dykes of a fine¬ 
grained, compact trap, generally distributed in the Garo Hills but most numerous 
in the northwestern portions thereof. These usually narrow intrusions are 
found in the gneiss in most cases coincident or nearly so with its foliation strike, 
but sometimes injected horizontally along joint-planes; they often show 
a well-defined columnar jointing perpendicular to the surfaces of contact.^ Fox 
finds these dykes to be lithologically indistinguishable, both in hand specimens 
and under the microscope, from the doleritic and basaltic dykes in the Damodar 
valley coalfields ; if the latter, therefore, are correctly referred to the Deccan 
Trap, the dykes of the Garo Hills may also be of this age and not examples of 
the Sylhet Trap. Practically all the prehistoric stone celts, which are so common 
in the Garo Hills, have been fashioned out of the Sylhet doleritic basalt.* 


KOTA AND CHIKIALA STAGES OF THE GODAVARI VALLEY- 


Kota stage. —In the Godavari valley, the principal representatives of the 
Upper Gondwana are the Kota and Chikiala stages, the former of which was for 
a long time associated with the Maleri as constituting one subdivision known as the 
Kota-Maleri group. A more modern view is that the Kota is appreciably younger 
than the Maleri which has already been described. The village of Kota, after 
which the stage we are now to consider has been named, is situated on the left 
bank of the Pranhita or Wainganga, about eight miles above its junction with the 
Godavari, and is well known to Indian geologists by the discovery there of fossil 
teeth and other remains of fishes by Drs. Walker and Bell in 1841.* The Kota 
stage which overlies the Maleri, consists principally of coarse, loosely compacted 
sandstones with some subsidiary bands of shale, and three very prominent bands 
of limestone, from which the following animal remains have been obtained: 


Crustacea.— 

CyzicuB [Estherial kotaenaia Jones, 
Candona kotaenaia, 

Insecta.— 

Undetermined blattid.® 

Pisces.— 

Lepidotua deccanenata Egerton, 

,, longicepa ,, 


Pisces— contd. 

Lepidotua brevicepa Egerton, 

,, pachylepia 
„ calcar atua 

Tetragonolepia oldhami 
„ analia 

„ rugosus 

Dapeditia egertoni Sykes. 

UnasBociated with the above fish, the following plant remains have been found in sand¬ 
stone bands in different parts of the field ; though it is not certain whether in all cases these 
belong to the kota or to the older Maleri subdivision, it has been claimed that they probably 
came from lower ani not hi^hir horizo thin t'l) fish a claim which appears to be 

unacceptable.* 


1 T. H. D. La Touche, Bee,, XX. 41 (1887). 

^ ^'Current Science'\ Mar. 1936. p. 429, 

* Qen, Rep. Bec„ LXXI, 82 (1936). 

« Q. J. a. S„ VII, 272 (1851) ; Ibid. XIX, 149 (1863) ; Mem., XVIII, 125 (1^1). 

* Hislop mentions a blattid fore-wing from Kota (“Stephen Hislop, Pioneer Missionary and 
Naturalist in Central India”) G. Smith (London ; J. Murray, 1888), p. 256. 

* Pii/./nd.Ser.II,Xl&XII,Vol. I, Pt.4,198-199 (1879);Vol.II, Pt.2, 16 (1878.) 
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Cyoadophyta-p— 

Tmioptefis {AngwpHridHm) spatulata (McClell.)* (Bajxnahal and Jabalpur form). 


PtilaphyUumacutifolium'M.OTT,, (Rajmahal and Jabalpur form), 

Oyeadities sp. 


CniferaleB.— 

? Meaemhriofiylon godaverianum Sabni, 
Elaiocladans oonferta (0. & M.) 

„ jc^alpurensia (Feiatm.), 

Betindsporiteaifidica (0. & M.)» 
Athrotaxites fei8t7nanteli Sahni, 

‘ ^Ghevrolepia ef, miinatorf Schenik**, . 
^raacart^ea ctUchenaia Feiatm., 

„ fitacrop^em Feiatm. 


(doubtful whether from the Maleri or Kota), 
(Rajmahal and Jabalpur form), 

(Jabalpur form), 

(Rajmahal and Jabalpur form), 

(probably a Brachyphyllum or pagiophyllum 
(Jabalpur and XJmia form). 


Modifying a remark by Mr. Hughes, we thus appear to have associated in the 
same group, plants of the Eajmahal, Jabalpur and Umia formations, occurring 
in what have been claimed to be lower and not higher horizons than animals which 
if judged by European analogy, are not younger than the Lias. The majority 
of the specifically determined plants are found iin the Sripermatur or some of the 
other groups of the same age on the east coast, and the Kota flora, such as it is, 
is usually given a place intermediate between the Rajmahal and Jabalpur floras 
and would therefore appear to be in some measure coeval with the Rajm^al Trap. 
It may be noted that nearly all its species are found in the Jabalpur series. Until 
the confused stratigraphy and uncertain provenance of some of the plant remains 
have been elucidated, no important conclusions can be drawn from the fauna or 
flora of these beds.i 


Chikiala. —Resting on the Kota beds is a group which was separated by Dr. 
King under the name of Chikiala, from a village of that name situated close to their 
botindary though bmlt actually upon the Kota Sandstone. They form the eastern 
margin of the Gondwana basin, extending with a width of from eight to ten miles 
for a distance of nearly seventy miles from a little above Rebni in the Wardha 
valley to the reach of the Godavari below Enchapalli. The rocks, which are 
unfossiliferous, consist of light brown, red, yellow and buff sandstones, and heavy 
bands of conglomerate of white quartz pebbles. The stage is highly ferruginous 
and is the local source for iron. A few clay bands and seams of shale are seen. 

The junction of this stage with the Kotas is obscure, but a slight unconformity 
is suspected. Its lithological similarity to the Tripati sandstones of the coastal 
region and its superjacent position with regard to the Kota beds appeared to en¬ 
courage the conclusion that the Kota-Chikiala succession was the stratigraphical 
equivalent of the Ragavapuram-Tripati sequence,^ but there is little doubt that 
the latter is Lower Cretaceous in age. Unless the unconformity between the Kotas 
and Chikialas is larger than surmised, the latter may be assumed tentatively to 
occupy a stratigraphical level more or less equivalent to the Jabalpur group, but 
there is some doubt about the age of these beds. 

To the Chikiala stage Hughes would refer a small thickness, of beds overlying 
the Kotas near Balanprur, fifteen miles southeast of Jangaon ; these includes a clay 
shale with strings of jet-like coal, and soft yellow sandstone with fragmentary 
carbonaceous markings.* 


1 A diioussion of the position will be found in »Sir Cyril Fox, 'Mem*, LVIII, 136 (1931). 
a Mem., KVIII, 290 (1881). 
a Ree.,KI,dO(1878). 
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JABALPUR SERIES. 

Satpvra region. —Overlying the Mahadevas of central India is a series named 
after the military cantonment of Jublmlpur but spolt i » t\io. m )(lern fashion, 
Jabalpur, the beds of which have been reco^)iised at i liter v a Is from sjuthern 
Bewah westwards along the soutlieni side of the Narbada valley, and are seen 
capping the northern hills of the Scitpiira.^ It lias been suggested that the lower 
portion of these beds should be separated off from the rest as the Chaughan stage, 
and that the XJmia plant beds of Cuich should be associated with the Jabalpurs 
on account of the prominence therein of the newer conifers and absence of the large 
Rajmahal cycad fronds in both these floras. According to this scheme, the Jabalpur 
aeries would consist of a basal Chaiigan stage, a middle Jabalpur stage, and an upper 
Umia stage. The palaeontological individuality of the Chaugan beds, which are 
lighologically very similar to the rest of the Jabalpurs, is not well marked, however, 
while the Umia beds are considerably distant from the type area of the Jabalpurs. 
In this work, it is proposed to describe the Chaugan beds and the so-called Jabalpur 
stage as one formation, m., the Jabalpur series, occurring between the Mahadevas 
and Lametas in the type area at both ends of the Mahadeo hills and in the vicinity 
of Jabalpur, and to treat the Umia group as an independent member of the Upper 
Gondowana in stratigraphical succession to the Jabalpur. 

In the Sitariva valley of the Satpura region, the Jabalpur beds are said to 
pass down with apparent conformai)ility into the Bagra-Denwa stage, the presumed 
equivalent of the Rajmahal traps and plant beds ; to the west, in the Dudhi valley 
the boundary between the two is described as often difficult to define.® In other 
parts of the Satpura region, there is a visible unconformity and a marked overlap 
at the base of the Jabalpurs, which can be seen resting successively upon the Bagras, 
Denwas, Pachmarhis, Bijoris and gneiss. The Jabalpurs are overlain either by the 
Lametas or by the Deccan Trap. In the former case, there is again no sign of 
unconformity, although the flora of the Lametas, as compared with that of the 
Jabalpurs, indicates a break of considerable size ; with the Deccan traps an un- 
conformable junction is sometimes seen. Most probably the Jabalpur beds were 
at one time completely covered by the Deccan Trap and Lametas. The thickness 
of the Jabalpurs along their junction with the Trap has not been measured, nor 
has it been determined elsewhere with any accuracy ; it is, however, of no great 
extent, so far as is known, and the total thickness of the series nowhere exceeds 
1,000 feet. In the Mahadeo hills, the beds are believed to thin out rapidly south¬ 
wards. 

The Jabalpur beds, the highest Gondwana strata exposed in the Mahadeo hills 
hills, consist of massive sandstones alternating with soft white clays ; the latter 
are unique in the Gondwana succession and by their presence the Jabalpur forma¬ 
tion can often be identified. In addition, subordinate beds of conglomerate, 
earthly hsematite, coal, carbonaceous shale, red clay, and chert may occur. The 
sandstones differ little from the Pachmarhi sandstones except that they are fine, 
softer and less uniformly pebbly.® Pebbles are mostly concentrated in regular 
conglomerates which, on the whole, are finer and more sandy than those in the 
Bagra beds, and are distinguishable by the numerous pebbles of jasper, in this 
respect forming a contrast to the Pachmarhi conglomerates with their pebble s 

1 C. 8 . Pox. Mem., LVIII, H3 (1931). 

•J6W.LVIII, 115 (1931). 

• H. Orookshank, ifem., LXVI, 242 (1.936). 
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of white quartz. A coarse variety of the sandstone, compacted almost to a quartz¬ 
ite, is frequently found at the base of the formation where it overlaps the Maha- 
devas on to gneissic rocks. This basal bed is often conglomeratic, the matrix 
round the pebbles consisting of white earthy rockj3 in a porcelanic condition ; in 
rare cases the bed is calcareous. Unlike other Gondwana sandstones, those of 
the Jabalpur series frequently contain fossil plants, mostly in the form of structure¬ 
less branchlets. Some of the white clay is of a refractory quality and suitable 
for the manufacture of fire-bricks, tiles, pipes and similar articles.^ 

The bands of jet coal, very different in character from the coal of the Damuda 
formation, are never more than a few inches thick and are very impure. The earthy 
hsematite is disseminated along certain of the bedding planes, in the form of nodules 
which in places combine to form lenticular patches sometimes as much as sixty 
feet in length and a foot or more thick ; the nodules are the principal source of the 
fossil plants. Bed clays are uncommon but not absent. Cherty beds are abundant 
locally and are found full of plant stems in an erect position. The silica of these 
beds was in all probability derived from the overlying traps and was largely res¬ 
ponsible for the preservation of so many plants. The Sher river section (Chaugan) 
includes some bands of dolomitic limestone. 

The small outcrop of this formation around the station of Jubbulpore consists 
of thick, soft, yellow, brown or white sandstones, passing up into a conspicuously 
white or pale-tinted succession of fire-clays and soft shales with subordinate bands 
of sandstone. The sandstones of the lower part of the exposure are current-bedded 
or irregularly bedded, usually free from pebbles but locally conglomeratic near 
the boundary with the underlying Archaean floor ; the trace of this boundary is 
a very tortuous one. In a well in the old jail compound, a seam of coal was encoun¬ 
tered at a depth of 70 feet, at or near the base of the series ; this coal crops out in 
a small exposure in the Narbada river-course, where it can be seen resting upon 
a steep edge of the Archasan. 

The Jabalpur flora consists of the following forms, including a few doubtful 
determinations :* 


Filicales.— 

Coniopteris hymenophyllvidea Brongn., 
Oleichenitea rawahenaia Feiistm., 
Sphenopteria (Dichaonia) hugheai Feistm., 
Alethopteria IWadlophlebia] medlicottiana 
Oldh., 

CladopMehia, (Eboracea) lobyfolia (Phill.) 

,, denticulata Brongn., 
Hauamannia dichotoma Dunk., 

,, buchii Andreso 
? Haydeniathyracfpteroidea Sew., 
Cycadophyta.,-— 

Dictyozamitea indicua Feistm., 

Toeniopteria sp., 

„ (OUandridium) vittata Brongn., 


Common ; a Bajmahal form. 

Common ; a Raniganj and Bijori species. 
Common. 

Common. 

Common; Baimahal and Umia form 


An Afghanistan form. 

Bajmahal form. 

Probabiy a Bajmahal species. 

Locally abundant; a cycad with a diohasial 
habit, found in the English Jurassic and 
very fequently associated with the flower 
knorwn as WiUiamaoniella : an Umia form, 
and found also in the Lower Jurassic of 
Argentine. 


^ Rap* RaCtf LXII, 34 (1929). 

s Modified from Dr. Crookshank's list. Mem., LXVI, 251-253 (1936). Writing in 1922 
Professor B. Sahni contented himself with mentioning only 15 Jabalpur plant fossils, one with 
a query. The flora, like that of the Raj mahal series, is in need of re-exaiuination. 
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TtmtopitrU »p. 

„ (Maer(>laniojiteTis) erataiturvia 

(Feistm.) 

99 spotvlotn 

(Mo Clell) 

Anomozamites cf. nilssonea 
NiUsonia princejis (O. & M.)» 

„ orienialis (Heer), 

», compta (Phil1.)> 

,» rajmnkalensis (Morr.), 

Otozamiteji hialopi Oldh., 

“ Pterophyllum nerbuddaicum Peisfcm.’* 
Williamsonia indica Sew., 

Ptilophylluni acutifolium (Morr.), 

Ptilophyllum rutchense Morr., 

Cycaditps cf. gramineva 
Oonifcrales., 

Elaloclaius tenerrima (Feistm.) 

,, plana (Feistm.), 


Locally abundant; a BaJ^mahalform. 


Probably Ptilophyllum acutifoUum Morr. 
ARajmahal form. 

Very common ; has a wide range; Rajmalial 
and Umia form. 

A Rajmahal form. 


Rajmahal and Umia form. 

Found also in the Jurassic of new South Wales 
and Queensland, and in the Lower creta* 
ccous of Queensland. 

Rajmahal form. 

Pound also in Jurassic of Argentina. 
Common; Rajmahal and Umia form. 
Common; Rajmahal form. 


,, con/er/flf (Feistm.) 

», jahalpurensis (Feistm.), 

Retinasporties indica (O. & M.), 

Brachyphyllvm mamillare Brongn. 

>, feislmanteli (Hazzc.), 

,> {Echinostrohus) rhomhicum (Feistm.); 

(^ternb.) Rajmahal and Umia form. 

„ ( „ ) var. indica Sahni 

PagiophyllvmV^Pachyphyllum'')peregrinum{Lanm\’SLa) Common; probably a Rajmahal 

form ; found also in the Jurassic of New 


„ divaricatum (Bunb.), 

Slrobilites seutardi Sahni 

Araucariiies culehensis Feistm., 


' Feistm., 

wacrojo^erMs Feistm., 
Conites sp. cf. Etrohilus anceps Berry., 
Ginkgoales.— 

Czekanowskia sp., 

Ginkgoites lohata (Feistm.)., 

Incertae sedis.— 

Desmiophyllum indievm Sahni, 


Zealand. 

Umia form. 

Probably the megastrobilusof Elatocladus 
jabalptirensis. ^ 

Common ; an Umia form ; found also in the 
Jurassic of NewSouth Wales New Zealand 
and Antarctica. 


Very common; Pod^)zamitea lanccolatua 
L. &H.’* 


In comparing this flora with the floras of Rajmahal, Umia and the East Coast 
beds, it will be seen that 19 or 20 of the Rajmahal, 8 of the Umia, and 14 of the 
Ragavapnram-Vemavaram-Sripermatur species are found in the Jabalpur series. 
At the same time, the Rajmahal flora comprises more than twice as many determined 
species as the Unia flora, and the Jabalpur beds are distinguished by a conspicuous 
absence of many of the commonest and most characteristic Rajmahal plants. The 
Jabalpur series has usually been regarded as representing a period intermediate 
between the Rajmahal series and the Umia plant beds of Cutch. Haustnannia, 
a genus comnlon in the Jurassic floras of Europe, has only recently been found 
in India ; it has been discovered in the Upper Gondawans of the Antarctic and in 
the Esk series (Upper Trias) of Queensland. Most of the Jabalpur species hav^e 
a wide stratigraphical range. The facts that Dictyozamites is a genus specially 
characteristic of the Middle Jurassic, and that other genera, notably Nilhsonia^ 
Toeniopteris and Pterophyllum are rare in higher horizons, have been advanced as 


1B. Sahni.PaL Ind ., New Ser. , XI Pt. 1, 41 (1928). 
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reasons for assigning the Jabalpur series to a position not younger than Middle 
Jurassic ; generally speaking, they have every appearance of straddling a higher 
section of the Jurassic than the Bajmahal Plant Beds and than the Kota stage. 
For the present, they may be accepted as belonging for the most part to the Upper 
Jurassic.^ 

South BeWah and Korea. —Strata with a Jabalpur type of flora occur in south 
Bewah, near Ghandia, northwest of Umaria. The succession, which is overlain 
by Lameta deposits, includes the beds of white clay so typical of the Jabalpur 
series; the twelve or thirteen plants remaining are all Jabalpur forms.® Bocks of 
a similar kind but lacking the evidence of fossils are found in the highlands of 
Korea, one of the Tributary States of the Central Provinces.® 

Kathiawar. —To the east of Cutch, on the other side of the Bann, the Upper 
Gondwanas have been recognised in Kathiawar, where they occupy about 1,500 
square miles in the north of the peninsula, including the capital city of Dhrangadh- 
ra. The aggregate thickness of these beds, exposed near Than, is not more than 
1,600 feet; their base is not exposed and they are overlain by the Wadhwan Sand¬ 
stones which are thought to be lowermost Cretaceous in age. The Than beds con¬ 
sist for the most part of imperfectly cemented sandstones, unevenly stratified, with 
coarse, gritty or conglomeratic layers; oblique lamination is very prevalent and 
ripple-marking frequent. Among these strata are some thick beds of fine texture 
and a few subordinate bands of shale ; an ironstone band has in the past been smel¬ 
ted for iron.^ One of the sandstones near the top is sufficiently hard and quartzitic 
to be used for quernstones. From a carbonaceous variety of the shale, in the 
neighbourhood of the village of Than, the following fossil plants have been obtained: 
Filicales.— 

(U) (J) GladophUbis denticuUta Brongn., (also found in the Bajmahal), 

Pecopteris sp.; 

Cycadophyta— 

Ttxniopteris Bph * 

(U) Ptilophyllum cutchense Morr. (also found in the Bajmahal). 

Coniferales.— 

(J) Elatoidadiis Jabalpurensi8 (Feistm.) B ; 

(U)(J) »> «e7iemwa (Feistm.) (alsofound in the Bajmahal). ' 

(U) (J) £rachyphylluni{Echino8trohu8)expan8um(Hternh,){a.\o& found in thcBajmahal), 

(U) (J) Araucaritea eutchensia Feistm. 
incertae sedis.— 

(J) Deamiophyllum indicum Sahni.® 

These Kathiawar beds were equated with the Umia plant stage in Cutch, and 
the lithological resemblance and geographical proximity seemed to favour such 
a correlation, but since all specifically determinable plants but one in the shales 
of Than are members of the Jabalpur flora, the beds have every appearance of 
belonging to the latter series; the exception is Ptilophyllum cutchense^ the presence 
of which is no determining factor since this form is found in the Bajmahal series. 
Seward makes no distinction between P. cutchense and P. acutifolium, which 

1 B. Sahni. Pal. Ind., New Ser., XI, Pt. II, 99,107 (1931). 

* 0. Feiatmantel. Rec., XIII, 189 (1880); T. W. H. Hughes Ibid. XIV, 319 (1881); F. B. 
MaUet»m 142(1889). 

» C. 8. Fox. Afem., LVIII, 8 (1931). 

*F. Fedden. Afem., XXI, Pt. II, 9 (1884). 

• “ Podozamitea lanceolalus L. and H.”, probably the equivalent of Sahni’s Deamiophyllum, 
indicum. Podozamitea lanceolatua is recorded from the Lower Jurassic of New 8 outh Wale s, 
and the Lower Cretaceous of Queensland sothat, even when rightly indentified it is of limited 
stratjgraphical significance. Forms so describ edoriginally from the Jabalpur and Kota forma* 
tions are according to Sahni, doubtfully referable toPooQsamf <64 (Pal. /nd New Ser.,yol.Xl 
Pt. 1,10 (1928). 
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is found not only in the Jabalpur series, but also in the Bajmahal and the Umia 
plant beds. 

NAKHA BEDSiOF CUTCH. 

In the rocks of Cutch, near a village named Narha in the northern part of 
the State, a few plant remains have been found at an horizon lower than that of 
the Umia plant beds. These Narha beds have yielded cephalopods believed to be 
intermediate in the age between those of the Upper Katrol and the marine Umia 
beds and assigned to the Lower Fortlandian.^ The succession consists of dark 
shales and flags underlain and overlain by sandstones. The cephalopods were 
collected from some of these sandstones. The fragmental plants were found at 
one place in the dark shales, here about|5 feet thick, and among them the following 
species have been determined: 

Pilicales.— 

? Coniopleris hymenophy lloidesBTongn», Sphenopteris cf, arguta L. H.**). 

C ladophlebis denticulata Brongn, (“ ^4 lethopteris whithyenaia Peistm. * *). 

Cycadophyta.— 

Olozamites cf. coniigmta Peistm. (O. contiguua Peistm. is probably identical 

with 0. benglenaia Morr.) 

Coniforales.— 

Aranccarites cuicke nsis Peistm., 

The three last are apparently identical with species found in the Umia bed 
higher up, whilst Coniopieris hymenophyUoides is an English Lower Oolite species 
found also in the Jabalpur and Bajmahal series; Cladophlebis and Araucarites 
are also Jabalpur forms. The connection of the Narha flora with that of the 
Jabalpur series is just as strong as with that of the Umia series. The Narha beds 
so far as their limited flora can be relied on, would thus appear to occupy a position 
intermediate between these two series, and to confirm the idea that the Umia plant 
beds are younger than the Jabalpur. Such a scheme would make the Narha beds 
equivalent in age to the lower or marine subdivision of the Umia series. 

UMIA PLANT BEDS OF CUTCH. 

The name, Umia, has been applied to some 3,000 feet of sandstones and shales 
in the small peninsula of Cutch (Kachh), and is derived from a village about fifty 
miles northwest of Bhuj, the chief town of Cutch. The Umia series is divisible 
into two stages, consisting of a basal calcareous conglomerate with marine fossils, 
and an upper stage characterised by terrestrial plant fossils and a Trigonia bed. 
The lower stage with its Upper Portlandian or Lower Tithonian ammonite fauna 
overlies older Jurassic marine strata (Katrol). The upper stage, with which wo 
are now concerned, is usually overlain unconformably by the Deccan Trap except 
at Ukra Hill where marine beds of Aptian age follow it. 

The purely marine lower stae of the Umia series will be described under the 
heading of Jurassic (p. 1152). The special interest of the upper stage, in connection 
with the formations considered in this chapter, lies in the fact that it includes 
beds containing plants, several of which are identical with those of the Jabalpur 
beds, interstratified with rocks yielding marine fossils. These Upper Gondwana 
Umia beds are largely concealed by a thick soil-cap and in the north by alluvial 
sediments. Clay and shale, as shown by bore holes, constitute a considerable 
proportion of the sequence, though surface exposures are mostly of sandstones. 
The latter are strongly current-bedded and vary from thick massive beds through 
flag-stones to thin-bedded argillaceous varieties and sandy shales. They show 

iL.y.Spath,Pal.ind.,NewSer.,IX,Afcm.,2,Pt. VI, 797and868(1933); A.B.Wynne 
2f6m.,IX, 213 (1872). 
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all degrees of coarseness from very fine-grained rocks quarried for grindstones 
to grit-stones; conglomerates are rare. Dunn notes that some of the sandstones 
are quite white, while others are so ferruginous that they were utilized at one time 
for local iron smelting. In the vicinity of trap dykes, the sandstones have been 
hardened to quartzites. A friable white fine-grained sandstone near Morvi is 
used for the manufacture of glass. Some of the sandstones underground furnish 
useful quantities of water, some of which, however, is brackish. A few of the clays 
and shales are of a brilliant colour and have been used for making pigment. The 
white clays* grade to black carbonaceous varieties with thin bands of high-ash 
coal; locally, clays are employed in the manufacture of stoneware jars and pipes, 
or, when sufficiently refractory, for fire-bricks. Several borings for coal have 
been made but with no encouraging results.^ A 16-inch seam of coal crops out 
about six miles northeast of Bhuj, but only some eight inches are of good quality.® 
The following is a list of the plants from the Umia beds, all the conifers being 
Jabalpur species:— 

Filioales— 

CladopMebia den/ticulata Brongn. , A Jabalpur form. 

GUidUniies (f) sp., 

Puchypteris sp., 

Aciinopteria sp., 

Oycadophyta— 

Tcaniopteria {Oleandridium) vUtata Brongn., Found also in the Jurassic of Argentina and 

New Zealand. Probably the fronds of the 
plant bearing the flowers know n as William- 
aoniella. 

jPtilophyllum octUifoliumMorr,, A Bajmahal and Jabalpur form,* including 

P. hra^hyphyllum Feistm. 

„ ctUchenae Morr., A Bajmahal and Jabalpur form. 

Olozamitea hengaUnaia (Morr.), A Bajmahal form. 

Cycadiiea cutchenaia Feistm., 

Cycadoiepiapihaa Feistm., Perhaps the bracts of Williamaonia flowers. 


Coniferales— 

Betiwaporitea Paliaaya*') indica (0.& M.), A Bajmahal and Jabalpur form; including 

Paliaaya bhoqjoorenaia Feistm.** “ P. cf. 
indica Feistm.” and “ P. cf. laxn (Phil.).** 

Pagiophyllum cf. divaricatum (Bunb.), A Jabalpur form. 

BrachyphyUvan {Bchinoatrobua) expanaum A Jabalpur form. 

(Strenb.)., 

Araucaritea cutchenaia Feistm., A Jabalpur form, found also in the Jurassic of 

New South Wales, New Zealand and 
Antarctica. 

„ macropterua Feistm., A Jabalpur form., 

JSlatocladua tenerrima (Feistm.), A Bajmahal and Jabalpur form. 

Canitea sp. a. 

The Umia series would appear to straddle the uppermost Jurassic and lower- 
nlost Cretaceous, the ammonite , bed at the base being either Upper Fortlandian 
or Lower Tithonian, and the plant beds Upper Tithonian or basal Cretaceous or 
both. 

AHMEDNAGAR SANDSTONE OF IDAR. 

The Ahmednagar Sandstone of Idar State was provisionally assigned by 
Middlemiss to the Cretaceous. This assignment has since been justified by the 
discovery of determinable plant remains in a coarse, ferruginous rock, belonging 
to the formation and cropping out some two miles north of Ahmednagar (Himat- 
nagar) town. Two genera of xeroph3rtic ferns have been recognised by Dr. B. 
Sahiii, who describes two species, one of them new, under the names of Matoni- 


® J. A. Bunn. Rcc., LXXVII, Prof. Paper No. 6 (1942). 
* A. B. Wynne. Mem., IX, 166 (1872). 
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dium indicum Sahni and Weichselia reticulata (?) Edw.^ The former is closely 
allied to M. goepperti Schenk, which ranges from the Inferior Oolite to the Weal- 
den in Europe, while Weichselia reticulata has not so far been found outside the 
Cretaceous and is a leading Wealden species, found in Europe, North Africa, 
Syria, America and the Far East. The presence of the latter plant suggests 
definitely a Wealden age for the Ahmednagar Sandstone. 

This almost undisturbed and nearly horizontal formation, of which only about 
100<200 feet are exposed, consists of conglomerate, a large proportion of sandstone 
and shales. The beds are well seen in the Hathmati river section near the capital 
town of Ahmednagar, and are exposed in a few low hillocks near by and in the 
Sabarmati river bed for several miles along the Idar-Baroda boundary. Their 
most characteristic occurrences are seen in a series of low plateaux with steep 
scarped edges to the east of Ahmednagar, where the beds lie with a pronounced 
unconformity on the Erinpura Granite or the Aravalli quartzites and gneisses. 

The prevailing rock type is a sandstone, white with pinkish markings* and 
streaks, and with occasional ferruginous concretions of the size of an egg; generally 
it is fine in grain and somewhat loosely aggregated, but coarser millstone- 
grit varieties are sometimes found.® The cementing material is siliceous and 
ferruginous; in places this has given rise to a glassy quartzite, quartzitic sand¬ 
stone or conglomerate, but the more or less rounded grains of quartz always 
maintain their individuality and the bedding is invariably distinct. Current¬ 
bedding is common and the beds are traversed by strings and viens of calcite. 
In the sandstones are many layers of shale and mottled pink and white litho- 
marge. Limonite occurs among the shales, conglomerates and gritty layers, 
at several places. The lower portion of the formation is conglomeratic, but the 
base where it rests on the granite consists locally of layers of kaolin, probably 
representng the old surface alteration of the granite preserved from removal 
by the capping of hard sandstone. Several of the sandstone layers, especially 
those which are pale in colour, make an excellent freestone and are much quarried 
for architectural and engineering purposes. 

Katkot Sandstones of the Middle Narbada— Around the town of Barwai, 
on the north bank of the Narbada on the borders of the Dhar forest in 
Indore, occur some thick-bedded, rather soft, whitish sandstones which show 
a strong resemblance to Mahadeva rocks and, like them, contain no fossils 
except fragments of drift wood which are locally plentiful. They are overlain 
by the Deccan Trap, but in one or two cases there intervenes an oyster 
bed of Upper Cretaceous (Bagh) age.^ In another tiny inlier, E.S.E. of Barwai, 


1 Rec, 152-160 (1936). 

* B. C. Gupta and P. N. Mukherjee. Rec. 71-73, 192 (1938). 

3C.»S.Mid(ilemiss. JHem.XLIV, 137-142(1921). 

* This is the description of older writers. The exceptional occurrence of marine (Creta¬ 
ceous fossils recorded by Vredenburg in the basal conglomerate near Barwai is difficult to recon¬ 
cile with the fresh-water aspect of the rest of the bcds» especially the Nimar sandstone (Gen. 
Rep., 1902-3, p. 20), Mr. Vredenburg’s later conclusion was that the Katkot sandstone was 
itself part of the Bagh sequence. For this reason the Katkot and Nimar sandstones have been 
Spoken of as members of the Bagh series. The whole question requires revision, but the pro. 
visional solution adopted in this work is that the Katkot and Nimar sandstones arc mutually 
equivalent, and older—probably considerably older->than the Bagh beds, though not as old 
as the Mahadeva. They have much in common with the Ahmednagar Sandstone which 
as we have seen is basal Cretaceous, and there seems to be no serious objection to associating 
the three formations. 
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the sandstone is separated from the overlying Trap by Lameta beds with fresh¬ 
water shells; there is no apparent discordance between the sandstones and the 
Lameta beds. North of Barwai, around the village of Eatkot, is a much larger 
outcrop composed of about 8 feet of fine-grained, shaly beds, red, pink or mottled, 
with ferruginous or carbonaceous concretions; at Eatkot itself, these beds pass 
into conglomerates and sandstones indistinguishable from the beds around Barwai. 
Two miles east of the village this sandstone has been quarried since remote anti¬ 
quity.' Northwards, the Eatkot sandstones thin out and the beds become reduc¬ 
ed to a band of conglomerate, which reappears in two additional outcrops further 
north and north-east, along the margin of the Trap which overlies it; in these 
outcrops the conglomerate is accompanied by a few feet of superposed fine-grained 
rocks. 

In most cases, the beds described lie upon Bijawars, but in one or two 
sections they rest upon Upper Vindhyan sandstone. They have been referred 
tentatively by some to the Mahadevas, but they occupy much the same strati- 
graphical position as the Nimar Sandstone, a deposit which makes its appear¬ 
ance further west and is described below. The Eatkot beds have every appearance 
of being fresh-water deposits of Upper Gondwana aspect. 

Nimar Sandstone of the lower Narbada.— West of the Barwai area, which 
has just been considered, the Nimar beds crop out from beneath the Deccan Trap 
around Balwari (Bulwaree) and Bagh and a little more extensively to 
the south of Bajpur. Sometimes they form just a few feet of coarse sandstone 
between the Bagh limestone stage above and the metamorphics below; at 
other times, as up the Man river, they are wanting and the limestones repose 
directly on the metamorphic schists. At the junction of the Man with the 
Sukar, they are not more than 15 feet thick; south and southwest of Bagh 
they increase to 80 feet or more, while further west, near Ali the stage 
is 400 or 500 feet thick, with massive conglomerates at the base. South¬ 
east of Pawagarh Hill, the formation is almost horizontal and is composed of 
pinkish gritty sandstone with porcellanic jasperoid rock, associated with ferrugin¬ 
ous conglomeratic beds containing pebbles of quartz and chalcedony.® Here the 
beds lie unconformably upon the Aravalli schists and phyllitcs and are overlain 
by the Deccan Trap. The sandstone has been extensively used as a building 
stone, especially in the old ruined city of Champaner. Small patchy outcrops 
of the gritty sandstones and conglomerate beds also occur to the north of Bhamria. 
In Rajpipla State, not very far from the mouth of the Narbada, superb sections 
of the sandstone are seen, some of them 800 feet high, and the total thickness 
must be several thousands of feet.® Here the beds show a noticeable disturbance 
and have been considerably altered to quartzitic varieties and quartzites by the 
numerous intrusions of Deccan Trap which intersect them throughout. In the 
more easterly exposures, the beds are less intruded and are approximately hori¬ 
zontal, though local dips of 15® or 20® are recorded; these dips appear to be 
<Jue to local disturbance during the interval between the deposition of the Upper 
Cretaceous (Bagh) limestones and the outpouring of the Deccan Trap. Faulting 
is not infrequently seen. 


tp.N.Bose. Mm. XXI, 21 (1884), 

> B. 0 . Gupta and P* N, Mukevjee Bee. 73,198 (1938). 
» P. N* Bose. Bee. XXXVII, 171 (1908). 
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In the easterly sections, the Nimar stage has the appearance of being the 
relics of deposits laid down in old Cretaceous valleys, a deduction not incom¬ 
patible with the enormous increase in thickness from east to west. The basal 
beds of the sandstone stage in the eastern region are described as massive and 
invariably conglomeratic. The conglomerates, which are of all degrees of coarse¬ 
ness, are made up of well-rounded pebbles embedded in a matrix of clay or sand, 
either loose or cemented by calcite or oxides of iron or manganese. These are 
succeeded by grits and sandstones, with variously coloured, interbedded, friable, 
shaly and marly strata. The beds are frequently calcareous or ferruginous. 
Current-bedding is especially characteristic of the shaly and marly beds, and is 
well seen on the pillars and walls of the celebrated Bagh caves. The only evidence 
of organic life, beside the fossil wood, is the presence of trails of arthropods and 
worms, impressions of minute bivalves, and some indeterminable fragments of 
bone. 

Wadhwan Sandstone of Kathiawar. —In Kathiawar, a series of sandstones 
capped by some insignificant bands of limestone is found intervening between 
the Than plant beds below and the Deccan Trap above. The limestone 
probably belongs to the Upper Cretaceous (Bagh). The lower group or 
Wadhwan sandstone consists of brick red or dull reddish brown sandstone^ 
more or less impure and frequently unsorted, with some argillaceous beds. 
The ingredients of the sandstone are for the most part indifferently cement¬ 
ed, though sometimes locally indurated to a quartzitic rock; in the vicinity of 
Wadhwan displays local aggregations of small quartz pebbles, as well as ferru¬ 
ginous nodules. In the majority of sections there is little departure from hori- 
zontality, but in parts of the Wadhwan district there are local dips of 60°or more 
due, it has been suggested, to the ploughing up of the beds while yet uncon¬ 
solidated by fissure eruptions of the basic Deccan lava. In the Morvi State, to 
the west, the trap can be seen in some sections banked up against steep slopes of 
the sandstone and had evidently found its way along valleys eroded therein. If 
the report of inhabitants can be accepted, a well of 50 cubits pierced no other 
kind of rock than the Wadhwan sandstone, but there appears to be no 
reason for assuming that the Wadhwan sandstone attains any substantial 
thickness.^ 

Probably of much the same age as the Wadhwan sandstone is a freestone which 
is quarried in the neighbourhood of Dhrangadhra, in the northeast of Kathiawar. 
It is a light-coloured very current-bedded kaolinised sandstone, varying rapid¬ 
ly in texture from a fine-grained to a coarse, gritty rock, and in colour from 
white to pale pink or yellow ; this stone has been employed in the construction 
of the palace of the Eao of Cutch at Bhuj.® 

Not only is it probable that the Wadhwan sandstone and Dhrangadhra free¬ 
stone of Kathiawar, as well as the Songir sandstone of Baroda,“ the Nimar 
sandstone of Gujarat and the Ahraedanagar sandstone of Idar, are all part of 
the Upper Gondwana sequence, but it is also possible that they all belong to the 
same part of that sequence and are of Wealden age. The Ahmcdnagar f?andstone 
has been recognised as such in the country south of Idar. 


1P. Peddon. Mem, XXI, Pt. 2,13, (1884). 

• V. S. Sambasiva Iyer. “ A sketch of the Mineral Resources of tho Baroda State,” p. 90. 
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UPPER GONDWANAS OF THE EAST COAST. 

Cotstal diameter.— The Upper Gondwanas, though the term may not be 
atrictly applicable in all cases,are represented along the east coast of India by a series 
of small exposures, many of them in the form of outliers on the gneiss or inliers 
in Pleistocene or Becent alluvial deposits, a few of them occurring between the 
gneiss and marine Upper Cretaceous beds; many of these exposures are too small 
to deserve individual notice. They are of great interest, however, in that some 
of them contain marine fossils associated with the plants. The bulk of the beds 
have a very low inclination, though dips up to 40^ have been noted in the more 
southerly outcrops around Sripermatur and in Trichinopoly. Wherever their 
base is visible, these patches of Upper Gondawanas are seen to rest upon a floor 
of gneiss which has every appearance of being a plane of marine denudation. In 
many places their total thickness is difficult or impossible to estimate, but is 
never more than a few hundred feet. 

Distribution. —These particular deposits are exposed in groups of small patches 
and have been subdivided and named, from north to south as follows:— 


Oattack area. 

Ellore or 
Bajalunundry 
area (Kistna 
and Godavari 
districts). 

Ongole area 
(KeUore and 
Guntur districts). 

Madras area 
(Chingleput 
district). 

Trichinopoly 

area. 


Tripati sandstone. 

Pavulur sandstone. 

Sattavedu beds. 

s e 


Bagavapuram 

shales. 

Vemavaram shales. Sripermatur 
beds. 

? Utatur Plant 
beds. 


? Golapilli sand¬ 
stone. 

Budavada sand¬ 
stone. 

•• 

• t 

Athgark sand¬ 
stone. 

? Golapilli sand¬ 
stone. 

• • 

. . 

? Utatur Plant 
beds. 


Most of the subdivisions enumerated above were found to contain impressions 
of plants, the majority of which could be matched in the flora of the Bajmahal 
hills of Bengal, and by all early observers the East Coast beds were freely spoken 
of as Bajmahal, in spite of the fact that they contain little or no carbonaceous 
matter and no bedded traps. It was, at the same time admitted that the^ flora 
of the Bagavapuram. Vemavaram, Sripermatur and Utatur Plant subdivisions 
included a few species allied to Jabalpur forms, and appeared to be younger not 
only than the Golapilli flora but also than the flora of the Bajmahal hills. It was 
ultimately suggested that the beds containing this flora should be placed in a 
stage of their own—equated with the “ Kota stage ” of the Godavari valley— 
intervening between the Bajmahal Plant beds below and the Jabalpurs above. 
This simple scheme of classification, however, conflicts with the evidence of ammo¬ 
nites which accompany the plant remains in some of the deposits and have been 
recognised as of Lower Cretaceous age. This anomaly of beds containing^ both 
Middle Jurassio plants and Lower Cretaceous ammonites will be referred to in the 
sequal. 

Athgarh sandstone of Cuttack. —The most northerly of the East Coast expo¬ 
sures, named after the village of Atgarh (Atgar), is a tract mainly of low sand¬ 
stone hills covered with a dense thorny jungle; the outcrop, some twenty miles long 
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from north to south and eighteen miles wide from east to west, is situated to the 
west and southwest of the town of Cuttack, and occupies the western margin of 
the alluvial plain of the Mahanadi on both banks of the river. The rocks are 
nearly horizontal but appear to have a slight general inclination towards the south- 
east. A basalt dyke is recorded in these beds near Sideshar Hills. Some carbona¬ 
ceous shale, occurring among the lower beds of the sandstone, has been supposed 
to indicate the presence of Barakar beds, and coal has been reported in the vicinity 
of Sideshar Hill; no Damuda fossils, however, have been found. The relations 
of the remaining rocks, which comprise sandstones, grits and conglomerates, with 
white or pinkish clay beds, are obscure, but the base or at any rate the lowest 
exposed section appears to consist of coarse, loose>textured conglomerates and 
ferruginous sandstones, while the light-coloured clay beds occur towards the top; 
the discovery in the latter of a few characteristic fossil plant remains may be 
accepted as sufficient proof of their age.^ The following forms have been identified:^ 
Filicaies— 

Cladophlebis denticulata Brongn., 

MarattiopsU {AspUmitea) fMicroGarpii (Morr.), 

Ohichenitea gUichenaidea (O. & M.)> 

Thinnfeldia sp., 

Bhizomopteria balli Feistm. (the rhizome oiDicfyophyllum). 

Coniferales— 

Blatocladua conferta (0. & M.)f 

Betinoaporilea indica (0. k M.), 

Of this assemblage, Rhizomopteria halli is the only species not definitely re¬ 
cognised in the Bajmahal flora (though the genus Rhizomopteris has recently been 
identified), from which it may be concluded that the Athgarh sandstone is an 
arenaceous equivalnt of that formation or belongs perhaps to the Dubraj||ur 
stage; it is said to resemble lithologically the Dubrajpur beds, the top of wmch 
cannot be stratigraphically much below the plant beds of the Bajmahal hills and 
might be expected to yield a closely allied flora. 

EUorearea.—On the right bank of the Godavari, about ten miles above Bajah- 
mundry (Bajamahendri), a well-marked belt of Upper Gondwana beds commences 
near Thalapudi and extends southwest wards for sixty miles to beyond Golapilli 
west of Bllore. The width of this belt varies from ten to fifteen miles, the rocks 
having a* general dip towards the southeast of from 5^ to 10°, and escarpements 
facing northwest. Throughout a considerable portion of their area the beds, which 
scarcely exceed 600 feet in aggregate maximum thickness, rest unconformably 
upon various members of the Eamthi stage, here spoken of as the Ghintalpudi 
andDummapett sandstones. These sandstones, the equivalents of those of 
Tacherla in Hyderabad, are assigned to the Eamthis on the grounds of the plant 
fossils, Vertebraria^ Olossopteris and phyllotheca, found near Eunlacheru, north 
of Ellore.^ At both ends of their exposure, the tipper Gondwanas overstep the 
Eamthi rocks and rest upon a sloping floor of gneiss which has the appearance of 

IT.Oldham. Mem. I, 68 (1866); W. T. Blandford Bee, V, Vm 1872); V. BaU. 

Ibid. X, 63-75 (1877). 

* 0. Feifltmantel. Pal. Ind ..Ser II, Vol. I, Pt. 3,27—189 (1877). 

• 0. S. Fox. Metn. LVIII, 45 (1931). 
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being a plane of marine denudation formed after the deposition of the Kamthis^ 
the latter resting upon a much more uneven surface of the metamorphic formations. 
To the southeast, the Upper Gondwana beds of the Ellore area disappear beneath 
the Cuddalore (Pleistocene) sandstones and the alluvial deposits of the Godavari 
delta, except to the west of Eajahmundry where they are covered by outliers of 
trap which are definitely assigned to the Deccan Trap suite, and in one place by 
a patch of Infra-trappean beds followed by trap. 

The rocks of the Ellore area are peculiarly interesting since they comprise 
representatives of stages occurring above beds in which the typical Rajmahal 
flora is well preserved. The Upper Gondwana beds of this area have been classified 
by Dr. King into three sub-divisions, two of sandstone with an intervenir^ one 
of shale, by far the bulk of the exposures consisting of the two sandstones. The 
three subdivisions, which have been named as follows, are fossiliferous at rare 
intervals, the lower yielding only vegetable remains, the middle marine shells 
with a few associated plants, and the upper marine shells only:— 

8. Tripati fiandstode B. 

2. Raghavapuram shales. 

1. Golapilli sandstones. 

The Golapilli sandstone group, seldom more than 300 feet at its thickest, 
consists of brown and red sandstones, grits' and conglomerates. Near Golapillis 
the beds form a broad plateau which is capped by conglomerates and gravels 
probably belonging to the Cuddalore formation. Further northeast, on the 
other side of the Tammileru river, the Tripati sandstone subdivision is seen below 
the Cuddalores, separating these beds from the Golapillis. A little further in 
the same direction, the middle or Bagavapuram subdivision makes its appearance 
and, as a very narrow and restricted outcrop, persists for about sixteen miles, 
when the Tripati group again overlies the Golapillis. 

From the Golapilli beds have been collected the following plant impressionii» 
all of which, with the exception of Araucantes macropierus (a Jabalpur species),^ 
are characteristic Bajmahal froms 

FillioaleB— 

CladopKlebis indica (0. <b M,) (^‘Alethopierieris ifidiae (O. <lr Jf .) 

MwaUiopaU macrocarpa (0. d) Af.), 

Tamiopteria (Angiopkridium) ensis Oldhp 

„ „ spatulata MeCleil, 

Oyoeadophyta— 

Philophyllum ticutifolium Morr, 

„ cutchenae Morr,, 

Didyozamitea falcaius {Morr,), 

NiUsonia morrisiana (Oldh.) (inohidlng Pierophyllum carterianum Oldh”) 

WiUiamaonia indica Seto» {**W. gigaa Carr”). 


^ The genua AraucarOea has been recognised in the Bajmahal flora, 
a 0. Feistmantel. Pal, Ind., Ser. II, Voll. 1. Pt 3, 163-190 (1877). 
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Ooniferales— 

MltUoeiadui eonferia (0. ft M.)» 

Hetinosporifes indiea (0. ft M.)f 

Brctchyphyllum expenaum Sternb. {**€heirolepi8 of. miinsteri Schenk*’), 

Arauaarites maoropUrua Feistm. (a oone scale very like A. cutehenaia Peistm.» but larger) 

Besting upon the Golapilli beds in the neighbourhood of Ellore is a thin band 
not more than 160 feet thick, of white and buff shales with a few intercalations 
of sandstone. No visible unconformity has been detected between these Bagava* 
puram shales, as they have been called,^ and the Golapilli sandstones, but the 
marine fauna of the shales appears to indicate a gap very much larger than that 
shown by the differences in the flora of the two subdivisions. The presence of this 
break is confirmed by the considerable denudation the Golapillis have evidently 
suffered on the northern side of the Tammileru, for the marked reduction in thick¬ 
ness in this direction is not likely to have been due entirely to reduced deposition, 
Furthermore, the Bagavapuram group in its lithological constitution is described 
by King as eminently separable from the underlying sandstone subdivision, 
irrespective of its much smaller extent; this character or condition offers ground 
for the conclusion that a decided interval of time must have intervened between, 
the deposition of the sandstone and that of the shale. 


While the plants of the Golapilli sandstones, with the exception of one deter¬ 
mined species, are all Bajmahal forms, the flora of the overlying Bagavapuram 
diales comprises, in addition to several forms common to the beds below, a few 
Jabalpur species. A list of the plants from the Bagavapuram shales will be found 
in the tabular statement on prepage. 


At certain horizons in the Bagavapuram beds and associated with rare plant 
remains are some marine shells and abundant casts of the same; among them 
are some ammonites which, until recently, had been regarded as allied to Middle 
Jurassic species, the principal form to theCallovian ^^Stephanoceras opts (Sow.)*' 
(Spath’s Subkossmatia opis and 8. ohscura). The commonest fossil is the cast 
of a Leda, found usually in a crushed condition; in addition there have been 
recognised: Pecten, OervilUa, Mytilus, Trigonia (? T. interlsdvigata), Solen^ 
Tellina, fish ocaleb and ammonites. A re-examination of the poorly-preserved 
ammonites in these and the corresponding Ongole beds has led Dr. Spath to Waa- 
gen’s original conclusion that the beds are Upper Neocomian (and probably Bar- 
remian) and not Jurassic. The consequences of this conclusion are discussed 
below. 

Above the shales just noticed is another thin band of dark brown and red 
sandstones and conglomerates, usually ferruginous, with siliceous and argilla¬ 
ceous beds and bands of concretionary ironstone. Towards the bottom, the sand¬ 
stones become softer and less ferruginous. The very low scarped edge crowning 
the southwestern slopes of the Tripati (Tripetty; Tirupati) range is made up 
of these Tripati sandstones, and a notable headland of them overhangs the well- 
known temple of Chinna Tripati, twenty-three miles northeast of Ellore.* On 

^ The village of Bagavapvram stands actually on the boundary lino between the outcrop 
of the Kamthis and Golapillis. 

* W. King. Mem. XVl, Pt. 3., 30-31, Reprint (1930), Tripati village is situated on the 
Bagavapuram shales. 
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the western side of the Qodawari delta, the Trirati bandstones are overlain sucoeii* 
sively by the Infira-trappean beds of Dudkar, the Deooan Trap and the Cuddalore 
formation. On the other side of the Qodavari, somewhere below the escarpment 
of the small Deccan Trap outlier northeast of Bajahmundry, purple sandstones 
representing one of the Upper Oondwana stages—possibly the Tripati—have 
been encountered in road-metal pits.^ Further in the same direction, half-a- 
dozen small outliers of what are believed to be representatives of this sandstone 
group are to be found, one of them around Jaggampet (Jaggamapeta), one near 
Kirlampudi, one at Ayaparaz-Eocapilli (^"Innaparazpalayam”), another east 
of Gilladipad, another at Idatum, and the last a few miles east of Sriramapuram. 
All these outliers lie upon the gneiss and are largely covered by Becent alluvium. 
The maximum thickness of this group cannot be more than 150 feet, and in the 
main area near Ellore onty some 40 feet are said to be present. 

In the main area, the Tripati beds have yielded only fossil wood, probably 
coniferous, but from the outlying patches at Ayaparaz-Eotapilli, twenty-four 
miles N.-by-E. of Coconada, believed to belong to the same band. King obtained 
two species of Trigonia — T. smeei Sow. and T. ventricosa Erauss; both these 
species are characteristic of the Umia beds of dutch, the latter being found also 
in the Aptian beds of the same State, as well as in the Uitenhage system of South 
Africa. In addition, there have been collected species of Inoceramus, Pseudo- 
monatiSy Lima and Pecten^ belemnites, and ammonites including the Cretaceous 
genus HeUcoceras.^ The suggested correlation of the Tripati sandstones with 
the Chikiala sandstones of the Pranhita-Godavari region^ hae nothing to support 
it unless the equivalence of the Eota and Bagavapuram stages should be estab¬ 
lished ; the lithological resemblance of the two sandstone groups is by itself of 
little correlative value. Originally the Tripati beds were considered to be the 
equivalents of the upper Umia beds of dutch (Upper Tithonian or Yalanginian), 
apparently on account of the two species of Trigonia . certain forms of this genus,, 
however, appear to have a long vertical range.^ Assuming the Bagavapuram 
shales to be Upper Neocomian (Barremian), the Tripati sandstones could not be 
older than Barremian and might be of Aptian age. 

Although the three stages of what have been called the Upper Gondwanas of 
this area exhibit no sign of angular unconformity, the middle one is distinctly 
overlapped at both ends, and its outcrop appears as a thin lenticular band in¬ 
completely separating the other two. It is clear that the country could have 
undergone very little disturbance in the intervals between the deposition of the 
different groups. Incidentally, the absence of any marked stratigraphical break 
in this coastal area persists after the Tripati epoch up to and including the deposi¬ 
tion of the duddalore sandstones which are of Pleistocene or late Tertiary age, 
for there is no visible unconformity—except by overlap—between the Tripati 
sandstones, the Infra-trappeans, the Deccan Traps and Inter-trappeans, and the 
puddalore beds.^ 

^ Itep. Pee, XXXII, 167-158 (1905). ^ 

• 3^urriedly determimed by Dr. Stoliozka and apparently not subsequently redetermined 

• fo S. Fox Mem- LVni, 233 (1931). 

e Xi* F* Spath, Pal Jndp Now Ser., Vol. IX, Mem, 2, 78 (1938) i L. F. Spatb. iieol» Mag, 
LXXII, 184-180 (1936). 

• W. King. Mem. XVI, Pt. 8., 36, FepriiM (1930). 
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Qngole area. —South of the Eietna river^ Mr. Foote has recognised about two 
dozen small outcrops of ‘‘Upper Oondwana” beds north and south of Ongole; 
besides many other occurrences in wells and water-courses, too small to map. 
A few occur within the coastal alluvium but most of them fringe the gneissic out¬ 
crop of this area. Several hundreds of square miles of these beds are probably 
hidden beneath the alluvium. The sandstones in many of the exposures are 
quarried locally for building-stone. The “Upper Gondwanas’’ of the Ongole 
area show slight rolling but swerve little from the horizontal. 

In the outcrops north of Ongole, including those southeast of the town of 
Guntur, Mr. Foote has detected a threefold division of the beds, which at that 
time was thought by others to correspond to that of the Ellore area these three 
groups were distinguished as follows: 

3. Pavulur sandstones. 

3. Vemavaram shales. 

1. Budavada sandstones. 


The Budavada stage, named after the village of Budavada (Boodhawadah) 
and consisting chefly of sandstones, has yielded numerous marine fossils, which 
do not appear ever to have been fully determined, and a few plant impressions. 
Both animal and plant remains come from the uppermost horizons of the sub¬ 
division. Foot’s provisional field list of the former includes: Serpvla sp., a 
bryozoan, Pleuromya (**Myaciies'*) sp., Modiola Avicula sp., Plicatula sp,, 
Lima sp., Rhynchonella spp. (two or three), Patella spp. (at least three), Natica 
sp., and less certain examples of Gresslya, Mactra, Astarte, Cardium^ Trigonia^ 
Yoldia^ Pecten^ Ostrsea, Terebratula Trochus, Turbo, Eueyclus^ Turritella, Certihimi^ 
Buccinum and Ammonites.' The plants comprise: Ptilophyllum acuiifolium, 
Otozamites sp., Dictyozamites indims, Taniopteris (Angiopteridium) spatulata, 
uudertermined leaflets and small woody fragments. From the analogy of a tri¬ 
partite division, it was at first supposed that the Budavada stage, although chiefly 
marine in character, was the equivalent of the Golapilli stage of Ellore. This 
correlation, however, cannot be accepted if the numerous plant remains of Eaj- 
mahal age in the Golapilli beds are correctly regarded as indigenous, since the 
cephalopoda of the Budavada indicate a Lower Cretaceous age much the same as 
that of the overlying Vemavaram shales. 

The Vemavaram shales, named after the village of Vemavaram (Womayaveram) 
of light grey colour, mottled in parts, and varying in hardness, have yielded a 
comparatively rich flora of a type similar to that of the Ragavapuram stage of 
Ellore and the Sripermatur stage of the Madras area, but nearly all specimens 
were obtained from one mass of the rock which was unusually clayey in character. 
To avoid needless repetition and to exhibit more clearly the relationships of the 
floras of these groups, their plant fossils have been combined in the adjoining 
tabular statement, from which it will be seen that nearly half of the Ragava¬ 
puram species are found also in the Vemavaram beds, and that in each case the 
relationi^ip to the Rajmahal and Jabalpur floras is very similar. Besides the 
plant remains, the following animal fossils were provisionally determined by 
Foote: Ophiura spp. (two), Eschara sp., Terebratula sp., Lithophagus [Lithodo 
mus] sp., Yoldia spp. (two or three), TMina spp. (two or three), Leda spp. (two op 
three), Exogyra sp., Pecten sp., Inoceramus sp., a gastropod impression 
BeUmnUeuthis cf. conotheca, amm<mites, fish scales, and a doubtfdl impression of 


' Mm. XVI, Ft. 1., 71, Btprint (1930). 
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a rib (?mamiiialian).^ Another Venlavaraxn fossil is a macrutous crustacean 
which was thought to be closely allied to if not identical with the Liassic Eryofi 
barromnm McCoy.* A recent examination of the ammonites from these and 
other East Coast Gondwana beds has led Dr. Spath to refer them to the Lower 
Oretaceous instead of to the Jurassic. The two classes of organisms, plants and 
animals, constantly occur together in the same hand specimens. The vegetable 
remains are all fragmentary but show no signs of decay. Many of the shells have 
been crushed by subsequent pressure but the fact that a very large percentage of 
lamellibranchs show the two valves in apposition is a proof that the living 
animal had been transported from no great distance and that deposition of the 
sediments in which they are found was of a tranquil nature. The Vemavaram 
outcrops are separated from those of the Budavada by alluvium, and the nature 
of the boundry between the two stages is apparently not known, but it is probable 
that the stratigraphical gap which appears to occur between the Golapillis and the 
Bagavapurams of the Ellore area does not exist between the Budavadas and the 
Yemavarams of Ongole; in fact, there is no evidence against the conclusion that 
the Vemavaram is a more or less conformable continuation of the Budavada 
sedimentation. 

From the Pavulur sandstones no determinable fossils have been obtained 
though some of the beds contain minute shell fragments scarcely larger than the 
associated grains of sand, while the uppermost member, and occasionally also 
the lowest, shows obscure fragments of plants; since they overlie the Vemavaram 
shales, they have been correlated with the Tripati sandstones of Ellore. No 
haitus has been recorded between the Yemavarams and the Pavulurs. The 
thickness of the Pavulur stage is small. The beds roll about at low angles but 
are here and there quite horizontal. The lower sandstones are friable and pale 
brown in colour; the middle sandstones are hard and calcareous slightly shaly, 
greenish or bluish black weathering to grey or brown; while the upper sand¬ 
stones are coarse, friable and reddish brown. The lower sandstones are described 
as containing flatly lenticular intercalations of a hard dark sandstone similar 
to that of the overlying beds. 

Mndras area. —Of the so-called Upper Gondwana beds near Madras there are 
four principal exposures, one around Sripermatur (Sriperumbudur), a town 
twenty-five miles W.S.W. of the city of Madras and a well-known locality for 
fossil plants, a second around Pyanur, a third around Alikur, and a fourth occupy¬ 
ing the Sattavedu (Satyavedu; Sattivedu) hills.* The dip of the rocks, though 
low on an average, is in some places somewhat greater than it is in the Upper 
Gondwana cost exposures further north, and in one or two cases reaches 40^; 
the direction of dip varies. Of the two groups into which the Gondwanas of this 
area have been divided, the lower, named after Sripermatur, is composed of white 
foBsiliferous shales associated with friable sandstones; grits and micaceous sandy 
shales. Conglomerates, all of them loose in texture and uncompacted, occur, 
especially towards the base where they are coarse and occasionally contain 

> A collection made by L. A. N. Iyer in 1927, presumably from both the Budavada and 
Vemavaram subdivisions, included specimens of Leda, Lwdna, Odtrtsa, Exogyra, Peeten, AueeUa^ 
Area, TeUina, Oyrena, Lima (casts), a doubtful Trigonia, Cardium, PronaUa, AUe^mia, 
Mytilua, PateUa (several species), Natica (casts), Rhynchcmlla (several species), Teredralules 
(several species) and fragments of belemnitesand ammonites [iZec. LXI, 21 (1928)]. 

*0. Feiptmantel. Ree. X, 193 (1877). Not from the Sripermatur group, as stated by 
Feistmantel. 

. •R.B.Foote.X,64(1873). 
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boulders of great size. It is not unlikely that the basal conglomeratic and sandy 
portion of the Sripermatur beds corresponds to the Budavada stage of the Ongole 
area, but no separate name has ever been suggested for thenX. A boring near 
Madras penetrated beds of carbonaceous shale which are concealed at the surface 
by overlap but which were thought by Foote to represent the Damudas; the 
depth attained was 660 feet but no coal was encountered.^ 

The Sripermatur shales contain both animal and vegetable remains in the form 
of ill-preserved shells and fragmentary plants which in places are mixed up 
together; logs and twigs of silicified wood are occassionally found in some of the 
beds. Most of the shells never seem to have been specifically determined, probably 
on account of their thinness and consequently poor preservation; they comprise 
two or three species of ammonites—including the one found in the Ragavapuram 
shales—which, Waagen noted, resemble Neocomian rather than Jurassic forms, 
and many lamellibranchs belonging to Leda, Yoldia, TelUna, Psammodia, Lima^ 
Pecten^ Inoceramus (7. mytiloides), and others.* The plants are numerous in 
certain sections and fragmentary, and like those of the Ragavapuram shales, 
represent a mixed flora of Rajmahal types, Jabalpur types and types peculiar to 
the shales in question ; a list is given in the tabular statement.* 

The Sripermatur stage is overlain by a set of beds of coarse, compact con¬ 
glomerate, with intercalated sandstones and grits, which are distinguished as 
the Sattavedu stage, after some ridges of that name northwest of Madras. The con¬ 
glomerates are made up of a very coarse shingle, sometimes of quartzite, some¬ 
times predominantly of granitic rocks, often in a ferruginous, calcareous, siliceous 
or mixed cementing material which in some cases is of great hardness, in others 
friable. The majority of the sandstones are reddish in colour, and yellow cherty 
mudstones are recorded in one section. In the Sattavedu type area, the Sriper¬ 
matur stage is not present, and elsewhere the junction between the two stages is 
ill seen; they appear to be conformable to each other, and it is doubtful whether 
there is sufficient justification for the sepraration of the upper as a distinct sub¬ 
division. The plant fossils so far found in the Sattavedu sandstones and mud¬ 
stones are very fragmentary and largely indeterminable, but a Dictyozamites has 
been recognised. This stage is generally regarded as corresponding to the Tripati 
sandstone of Ellore and the Pavulur sandstone of Ongole. Upper Cretaceous 
beds of Ariyalur (Campian-Maestrichtian) age occur in the Sripermatur area. 

Trichinopoly area. —The Upper Gondwanas of the Trichinopoly district occur 
as narrow outcrops along the western edge of the marine Upp3r Cretaceous (Albian- 
Cenomanian) beds, which they separate from the gneissic rocks. The gneiss, 
where the Gondwanas rest upon it, is decomposed to a considerable depth; this 
decomposition is not seen in the immediately surrounding country and is rarely 
found where beds other than the Gondwanas rest upon the gneiss.* The inclina¬ 
tion of the beds is generally low but the dip in places rises to 15® and 20®. These 
Gondwanas, which are known as the Utatur Plant Beds, stretching in some five or 
six isolated patches for a distance of about twelve miles in a N.-S. direction, are 
unconformably overlain by the Upper Cretaceous marine Utatur series which 


1V. Ball & R. R. Simpson. Mem, XLI, 104 (1913). 

*Pal. 7«d.,Ser. IX, Vol. 1,236 (1873-76); P. Stoliczka. Rec, 1,59 (1868). 
« 0. Peistmantel. Pal, /nd.,Ser. II, Vol. I, Pt. 4, P. 3 (1879). 

* H. P. Blandford. Mem. IV, 40 (1862). 
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overlaps them at both ends; the most important of the outcrops is one near 
XJtator (Ootatoor). The rocks of the UtaturPlant stage consist chiefly of soft 
sandy clays and micaceous shales, with sandstones and a coarse conglomerate of 
rounded gneiss pebbles at the base. The conglomerate has a ferruginous matrix, 
and includes large blocks of much decomposed gneiss, some of them five or six 
feet across. Some of the sandstones are current-bedded; some are characterised 
by large calcareous concretions of a flattened spheroidal shape. 

In the finer beds, and especiallyinthesoft,grey, micaceousshalesfragmentary 
and fragile plant impressions, principally of Ptihphyllum (“ Paloeozamia ’*), are 
not uncommon; a list of species collected by Foote is given in the tabular state¬ 
ment.^ The only animal remains recorded are casts of a small bivalve shell and 
this is reported only from the Maruvattur (Maravatur) exposure. At the same 
time, a boulder bed assigned to the base of the marine Utatur series in Trichinopoly 
is identical in every way with boulder beds of the East Coast of Upper Gondwanas 
at Kailakhudi (Cullygoody) this Utatur boulder bed is overlain by fine micaceous 
shales, grey sands and intercalated grit bands, which very much resemble certain^ 
members of the plant-bearing Upper Gondwanas but contain marine fossils instead 
of plant remains. The marine fossils include a belemnite bearing some resemblance 
to an Utatur species, but are otherwise peculiar to this Kailakkudi deposit and 
do not appear to have been met with elsewhere in beds of the marine Utatur 
series. 

The outcrops at Utatur are the most southerly which contain Gondwana plant 
impressions, but some unfossiliferous shales and conglomerates exposed in tho 
Madura district closely resemble the coastal Gondwanas. 

Age of the East Coast beds. —^From the lists tabulated on page 97, it will be 
seen that not only are there a certain number of forms common to two or more of 
the Bagavapuram, Vemavaram, Sripermatur and Utatur Plant stages, but that 
iu each case the flora is characterised by a large proportion of Bajmahal species 
and much smaller proportion of forms which are known only from the Jabalpore 
and Umia stages. Apart from the presence of Jabalpur species and species 
peculiar to these outliers, their flora is distinguished from the true Bajmahal flora 
by the absence of broad leaved TaeniopteridesB, and by the greater abundance of 
certain forms such as Tceniopteris {Tngiopteridium) spatulata and Dictyoyamites^ 
indicus, which, though not unrepresented, form a smaller proportion among the 
Bajmahal species.* The presence of the genus TcBniopteris and the smaller 
proportion of purely Jabalpur species in the Utatur Plant beds might mean that 
these particxdar beds are somewhat nearer in age to the Bajmahal than the other 
three formations but, with this possible exception, the stage under consideration 
might be taken as being approximately of the same age, were it possible to assume 
that the plant remains are all indigenous to the beds in which they are found. 

A recent examination of the poorly preserved ammonites from the Budavada, 
Bagavapuram, Vemavaram and Sripermatur stages has led to some interesting 
conclusions. In the first place. Dr. Spath has detected no essential difference 
in the fauna of the lowest group—the Budavada—and the faunas of the three 
slightly younger groups, Bagavapuram, Vemavaram and Sripermatur, and has 
treated the aggregate assemblage as one fauna, which, he suggests, isintermediaW 
between the widely distributed Holcostephanus fauna on the one hand and the 
Aptian faunas known in Cutch, Madagascar and Australia on the other. The 

267 (1878); 0. Feistmantel. Pal. Ind^~Ber7 II.*VorL Pt!4, 

p. 9(1879). 

sO.Fti8tiitantelPa;./fid.,Ser.II,yol.i,Pt.4,p. 8 (1879). 
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provisional identifications include two new genera, PaseceUes, a link between tbo 
Holoodiscidae and the Hemihoplitidae, and related to the crioceratids as well as 
to Oymnopliteb also probably one of the Holcodiscidae : 

HokodUcua cf. perezianua (d’Orb.)f^ 

„ of. caillaudianua (d’Orb.), 

Hoplitea {Hemihoplitea f) cf. hortmos Uhl. 

„ „ of. beakidenaia Uhl. 

M „ coda zianua (Karst.)» 

Lytoceraa sp. (of. vogdti Karak.), 

Paaccsitea budavenaia Spath, 

„ craaaua Spath, 

Oimnoplite aimplex Spath 
s, sp. nov. 

The affinities of this assemblage are considered to be sufficiently definite to- 
point to an Upper Neocomian (Barremian) age, a conclusion which would make 
it a whole geological system younger than the Lower Jurassic Rajmahal Plant bed 
stage. The plant assemblages of the Golapilli and Athgarh stages have always 
been described as typically Rajmahal, though the former includes one Jabalpur 
species, and the flora of the Ragavapuram, Vemavaram and Sripermatur stages 
was for a long time referred to the same stratigraphical level and the beds were 
spoken of as the Rajmahals of the East Coast.^ The flora of these East Coast 
stages, however, has Jabalpur affinites and is obviously intermediate in age 
b^etween the Rajmahal and the Jabalpur, belonging to some horizon in the Middle 
J,urassic. This is where Professor B. Sahni placed it, with the title of the Kota 
flora, equating the beds with the Kota stage, ill-established as it was, of the 
Godavari valley. A Lower Cretaceous age for the Ragavapuram, Vemavaram 
and Sripermatur stages is, therefore, entire!y-unacceptable to paleabotanists on 
the grounds that their flora is not comparable to Cretaceous floras in other parts 
of the world. That there has been some error in field-work or a mislabelling of 
sdecimens will be rejected by anyone who has read the descriptions of Foote and 
King or Dr. Spath’s remarks.® The evidence of the East Coast flora, pointing 
to a Middle Jurassic age, is claimed to be as irrefutable as the evidence of the 
ammonites, which cannot be older than Upper Neocomian, and the only acceptable 
solution of the quandary, as the author has indicated elsewhe?re, is a presumption 
that the plant remains are not indigenous but are derived from beds older than 
the marine sediments with which they have become so closely associated. In the 
latter case, the so-called East Coast flora may be a mixed assemblage, derived 
partly from Rajmahal and partly from Jabalpur rocks; alternatively, it may 
be a true flora whose source was some Gondwana stage intermediate in age between 
the Rajmahal and the Jabalpur. It seems possible for blocks of plant-bearing 
Jurassic rocks to have fallen, in early Cretaceous times, from low cliffs into some 
protected delta or coastal lake similar to the Chilka, Pulicat and other semi- 
enclosed tracts of water which still characterise this coast, and to have become 
intimately mixed with ammonite-bearing marine Cretaceous sediments. That 

» Dr. Spath spells the genus **Olcoatepphanua'\ 

s Vida attached table (East Coast). 

* At Marayatur, the plant beds appeared to pass up conformably into sediments belonging 
to the marine Creatceous Utatur group. Dr. T. Oldham, on the other hand, concluded that 
a concealed unconformity separated the plant bearing beds from the Utatur marine sediments;; 
Mr* Foote agreed with Dr. Oldham but admitted that stratigraphical eyidenoe of a break 
between the two was wanting (Bee. X , 251 (1878) • 
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fiuch an event actually happened requires confirmation but has been assumed for 
the time being. Should further investigation prove that the plants are indigenous 
to the beds in which they occur, few will hesitate to accept the testimony of the 
ammonites as opposed to that of the plant fragments, and the only conclusion 
possible in such an eventuality would seem to be that the numetous plants common 
to the Bajmahals and East Coast beds are but an example of the slower evolutionary 
changes during Upper Gondwana times as compared with those which obtained 
in the Lower Gondwana period. Accepting the suggestion that the plant remains 
are accidental enclosures in marine beds which form part of the marine Cretaceous 
succession of the Coromandel coast, it is questionable whether the term Upper 
Gondwana is rightly applicable to stages such as the Budavada, Bagavapuram, 
Yemavaram and Sripermatur. 

Whether Gondwana or pseudo-Gondwana, the ^ 'ages under consideration may 
be reviewed severally as follows. There is no definite reason for assigning any 
other age but that of Bajmahal to the Athgarh Sandstone of Cuttack. The 
Golapilli beds may well belong to the same epoch, in which case there must be a 
marked, though apparently invisible, unconformity between them and the over- 
lying Bagavapuram shales; if no unconformity exists, the deduction follows that 
the Golapilli plants are mostly if not entirely derived. The Budavada, Bagava¬ 
puram, Yemavaram and Sripermatur stages belong to the Lower Cretaceous and 
are not older than Upper Neocomian, a conclusion founded on ammonite evidence. 
The Tripati, Pavulur and Sattavedu stages are of either Barremian or Aptian 
age. The Utatur Plant beds contain no marine fossils but are overlain by the 
Utatur marine group. Mr. H. F. Blanford gained the impression that the former 
were not much older than the atter, and for that reason gave the same name to 
both as members of one stratigraphical unit.^ Since the marine Utatur group 
is for the most part Cenomainan with a possible transgression down into the Albian, 
the Utatur Plant beds, if not much older, might well be of Upper Neocomian age 
like the Bagavapuram-Yemavaram-Sripermatur stage, in which case its plants 
would have to be regarded as derived. The alternative is that the Utatur plants 
are indigenous and the beds of an age either equivalent to the Bajmahal or inter¬ 
mediate between the Bajmahal Plant beds and the Jabalpurs; in the latter case, 
they would correspond to Sahani’s Kota stage, the equivalent of some portion of 
the Bajmahal traps. Further research may be able to decide which of these 
alternatives is correct. If the Utatur plant remains are indigenous, they might 
have provided the source of the derived plants found in the Bagavapurams, 
Yemavi^ams and Sripermaturs; on the other hand, the flora of the latter stages 
might be a mixed assemblage derived partly from Bajmahal and partly from 
Jabalpur rocks. 

According to Dr. Baj Nath, there are in the Umia series of Cutch higher sand¬ 
stones than the Yalanginian or Infra-Yalanginian Trigonia bed which was always 
thought to be near the top of the series. These higher beds, occupying a position 
between the Trigonia bed and the undoubtedly Aptain outlier of Ukra Hill, are 
the only ones which, in the light of Dr. Spath’s determinations, could be correlated 
with the Budavada-Bagavapuram sequence or its equivalents. 

GONDWANAS OF CEYLON. 

At Tabbowa in northwest Ceylon, Mr. E. J. Wayland has collected: Chdo- 
fhetbia reversa (Feistm.) (FeistmahtePs '"Pwopteris reversa*')—a species found on 
the Madx&B coast and possibly identical with TodiMo mUiamsoni (Brongn.)—,0. 


ijfan. IV, 14-15 (1852). 
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dmtiwlata Brongu.; TcBniopteris spatulata McClell., Araucarites cutohensis Feistm.) 
JBraichyphyllum fmmillare Brougn., Elatocladus plana (Fiestm.)f and Desmio- 
phyUum sp., all identified by Seward and Holttum.^ Five—^possibly six—out 
of the seven forms are identical with leaves from the Madras coast outliers. The 
two authors ascribe a Jurassic age to the Ceylon beds, and date them probably 
as the equivalents of the Lower Oolite. Mr. K. Jacob has since identified Coniop^ 
ierts hymenophylloides Brongn. and Anomozamitea (iNilssonia) sp. from the same 
locality.* Mr. R. V. Sitholey has, furthermore, described two new species, 
Cladophlebis zeylanica and Sphenopteris wadiai, aud has recognised the genera 
Ptilophyllum and Olozamites. 

GONDWANAS OF WESTERN RAJPUTANA. 

Bap Boulder Bed. —Along the eastern fringe of Jaisalmer State in western 
Rajputana, extending for some thirty-five miles in N.E.-S.W. direction, a little 
to the west of the town of Bap, is an irregular exposure of boulder beds which in 
all probability are the equivalents of the Talchir. They consist of a matrix of 
fine-grained marl in which are scattered numerous fragments, many of them 
unrounded, of felsite, red syenite, porphyry, limesotne, gneiss and granite,of all 
sizes from a few inches to in one case, over ten feet across, numbers of them 
showing glacial smoothing and striation. Amongst the fragments can be recognised 
the Malani lavas and limestone from the Vindhyans ; the latter must have been 
indurated and metamorphosed at the time of the deposition of the boulder beds, 
nnd its presence affords some assistance in dating the boulder beds.® Near Bap, 
:some beds of impure limestone are associated with the boulder beds. There is 
some reason for believing the Bap boulder beds to be much younger than the 
somewhat similar conglomeratic and agglomeratic beds forty miles to the S.8.W. 
around Pokaran, which a^e thought to be basal Vindhyan, and have been described 
under that heading.® To which of the two belongs the conglomeratic bed at 
TTdhania (Odhania), some fourteen miles west of Pokharan, is not certain, but 
since it is described as in places passing up into the Lathi sandstones which are 
almost certainly of Gondwana age, it probably represents the Talchirs; this 
conglomerate consists of various pebbles, chiefly of felsite, in a matrix of red grit.® 

Lathi series. —On the northwestern side of the boulder beds at Bap is an 
ill-exposed thick series of dark red shally sandstones and clays impregnated with 
salt, which has been designated the Lathi series. This series is also seen in large 
isolated exposures cropping out from the sandy alluvium between Pokaran and 
Jaisalmer. These beds with a slight dip to the W.N.W., occur stratigraphically 
between the boulder beds and the marine Jurassic limestones of Jaisalmer, and 
nre not less than 2,000 fe^»t thick and may possibley be three times that figure. 
At their lower limit they appear in places to pass down gradually into the boulder 
beds. 

Wherever the rock immediately overlying the boulder beds is seen, it is a 
liard, dark-coloured, ferruginous sandstone with or without pebbles. Hard 

1 QJ,0.8„ Vol. LX Vni, 271-276 (1922). 

® Joum. /nd. Bot. Soc. XVIII205 (1940). 

s R. D. Oldham. Sec, X/X, 123 (1886) Ibid., XX/, 31 (1888). 

4 A. M. Heron. Sec. LXV, 467 (1931). 

• W. T. Blanford. Sec. X, 14 (1877). 
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feiTuginous bands and patches also abound in the uppermost sandstones of the 
series. Many of the Lathi sandstones are co'mjparatively soft and often reddisk 
in colour or variegated. In some there are indistinct vegetable fragments, some*^ 
times occurring in abundance, and large blocks of silicified wood.^ A few lime¬ 
stone beds are inter-stratified with the sandstones. Some of the lower sandstones 
are shaly. 

Some of the Lathi sandstones have been compared with the Mahadevas or 
Kamthis, the dark ferruginous bands corresponding to the iron bands in each of 
these Gondwana formations but, if the basal beds pass down into the Talchirs, 
the Lathi rocks must include beds equivalent in age to the Barakars—^perhap» 
to'much of the Damuda series—a suggestion borne out by the numerous plant 
remains and the ironstones. 

Banner Sandstone. —To the north and east of the town of Barmer, in the 
State of Jaisalmer, several small patches of a plant-bearing sandstone are seea 
cropping out from the alluvium, and probably represent the highest horizons of 
the Upper Gondwana. The rock is light grey in colour, breaking with a con- 
ohoidal fracture where locally indurated; sometimes it is soft, and veined or 
blotched with purple or red. At the base is a thick band of conglomerate, the 
well-rolled pebbles of which are all derived from the underlying Malani lavas.* 

It was at one time thought that the Barmer sandstones might be the equiva-^ 
lents of the Lathi beds of the Bap area. The fact that they have yielded some 
dicotyledonous wood and net-veined leaves makes it probable that they are not> 
older than Lower Cretaceous (Aptian); this supposition is confirmed by the 
stratigraphical position of a fine unctuous fullers’ earth known as Multani miUi 
which, though not definitely seen in contact with the Barmer sandstones, is. 
believed to overlie them, and which, in the no»rtheast of Jaisalmer and in Bikaner^ 
is associated with nummulitic limestones of early Tertiary age. Besides the 
vegetable remains, the fossils in the Barmer beds include a oast of a 17mo and tho 
fragment of what may be a Gardium, 

On the eastern side of the Barmer desert, near the Luni rive’lr, patches of 
the sandstones are seen resting directly upon an uneven surface of the Malanr 
lavas. The upper limit of the beds is concealed by alluvium. At Barmer, the- 
sandstones are extensively quarried for the manufacture of milHtones and for 
building purpose. 

The Gondwanas of western Bajputana must have been laid down in a valley 
on the northwestern flank of the Aravalli chain. 

GONDWANA EQUIVALENTS IN AFGHANISTAN. 

Saighan series. —^North of the Hindu Kush and the continuing range 
westward which unite it to the Safed Koh, in the Saighan and Eamard areas of 
Afghan^-Turkistan, the most extensively exposed geological formation, with the 
exception of the Cretaceous, is a series of shales, sandstones, grits and con* 
glomerates, designated by Hayden the Saighan series. A small outcrop of these 
beds is also seen on the southern or Bamian side of the Eoh-i-Ghandak, and tho 
formation has been recognised in eastern Persia.* 

^ Ibought by BUutford to be dicotyledonous. 

• K. T. H. D. La Touebe. Mem. XXXV, 33 (1902). 

*G.H. Tipper. Bm. LHI. 68 (1921). 
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So far as its age and lithological facies are concerned, this series corresponds 
to some part of the Upper Gondwana succession, for the shales are often highly 
carbonaceous, containing well-preserved plant remains and seams of coal; in 
the Darra-i-Suf area, there are considerable reserves of coal, according to Dr. West. 
The arenaceous beds are usually brown, while the argillaceous types range from 
almost white to black according to the proportion of carbonaceous material 
present.! While the Cretaceous limestone caps the hills, the plant-bearing series 
occurs in the valleys‘and has been noted in those of Saiglian, Hajar, Aokhorak 
(Khorak) and Chehil (Chail), and in Darra-i-Suf. Seventy miles or so to the north 
of the Chehil outcrop, a larger inlier is exposed in the Cretaceous south of Mazari- 
sharif, and two other inliers have been mapped between this and Bala Murghab. 
In this region, most of the streams which have cut down into the anticlines along 
the northern slope ,of the Kara Koh, have laid bare, beneath the Cretaceous, 
strata ranging from Middle Trias to Jurassic.^ North and northwest of Herat* 
extensive exposures of this series have been mapped, and with them must be 
included a small outcrop west of Bhurian. 

In the Herat area, the Saighan series rest upon Carboniferous limestone, 
but further east, near the junction of the Kahmard and Saighan rivers, it lies upon 
theDoab, a series which there is some reason for correlating with the Panjal 
Volcanics of Kashmir. While the dip here in the Doab rocks is frequently very 
variable,that in the overlying Saighan beds is very uniform, and Dr.West concludes 
that there is a pronounced unconformity between the two formations ; this con¬ 
clusion is confirmed by signs of an old land surface, in the shape of red and white 
beds, along the uppermost boundary of the Doab series—a land surface which 
obliquely truncates members of the Doab succession. In a northeast direction 
from Ishpushta, the lower members of the Saighan series gradually die out, so 
that the rocks forming the middle portion of the Saighan come to rest upon the 
Doab series. The Saighan series is overlain in apparently conformable succession 
by the Red Grit series (Lower Cretaceous) and the Upper Cretaceous limestone ; 
in the Darra-i-Suf area, however, there is an unconformity at the base of the Red 
Grits, if they are present, or at the base of the Cretaceous limestone,if they are 
not. 

What appears to be a complete and continuous section of the Saighan series is 
to be seen at Ishpushta on the left bank of the Surkh-ab (the river formed by 
the junction of the Kamard and Saighan rivers, and not to be confused with the 
Surkh-ab between Jalalabad and Jagdallak). It is here that the Saighan beds are 
seen lying with little or no angular discordance upon the old land surface of the 
Doab series. 

This plant-bearing series, in the Chehil section is underlain by a calcareous 
sandstone from which specimens of Holobia related to Upper Triassic or perhaps 
younger species have been collected by Griesbach. This alone would suggest a 
Jurassic age for the Saighan beds, a correlation which is confirmed by the flora 
obtained from the latter, chiefly from Chehil and Shisha Walang, and determined 
as follows: 

Equisetales— 

E^Uetiteafergaiunaia Sew., Hardly distinguishable from the European, E. edumnaris 

Brongn. and most typical of the Middle jurassio. 

! H. H Hayden, Mem. XXXIX, 30 (1911). " 

• C. L. Griesbach. Bee. XIX, 243 (1886). 
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Equieotalea— 

EqniaetUiea spp. (three;, 

M sp., cf. NeocalamUea carreri (Zoill.), More Rhatio or Liassic than Middle or 

Upper Jurassic in ty])e. 

Schizoneura ? sp. 

Ejlioalea-— 

Klukia exilia (Phill.), 

Coniopleria h^menophyUoidea (Brongn.), 

Sphenopteria ? ep-, 

Haydenia thyraopteroidea Sew., 

Dictyopikyllum ep., 

Claio^ebia denlictdata (Brongn.), 
f, haibumenaia (L. & H.), 

Sagenopieria phillipai (Brongn.), 

Cycadophyta— 

l^teniopteria cf. viUala (Brongn.), 

Williamaonia kaydcni Sew., 

Nilaaonia compta (Phil!.), 

„ mediana (Leek), 

,, aaighanenaia Sew., 

„ orientalia (Heer), 

P^evdocycaa of. dichaoni (Heoi), 

CUnia d.falcata (L. & H.), 

Ginkgoales— 

Qinkgo digitaia (Brongn.), 

Stenorhachia lepida (Heer), 

Phcanicopaia potoniei Kraaacr 

Goniferalea— 

Piiyophyllum of. ataratachini (Heer), 

Gupreaainoxylon orientale Sew*» 

Pagiophyllum aeloaum (Phill.), 

Taxitea sp.»i 

Inoerta sedi^— 

Podozamitea lanceolatua (L. & H.), 

„ „ „ var. latifoliua (Heer), 

,• „ „ var. anguatifoliua Sew., 

„ aaighanenaia Sew., 

„ grieabachi Sew-, 

„ kidatoni Eth., 

Sir Albert Seward’s conclusion is that the assemblage as a whole indicates 
the. fragmentary remains of a Middle Jurassic flora, agreeing very closely in 
^neral facies with that from the Inferior Oolite series of England.^ Other 
interesting features of this flora are its similarity to that from Ferghana, Sur- 
Darja and other parts of Bussian Turkistan, and the important points of difference 
it shows when compared with the Upper Gondwana floras found in India. Like 
the Jurrasic flora of other parts of the world, those of India possess several cosmo¬ 
politan sj^cies, but genera such as OinJego, Sagenopteris, Diotgophyllum^ LacoopteriSp 
Cteni$, Fhidnicopsis and Podozamitea^ all of which have at one time or another 
been found in Afghanistan, are either absent, rare or unsatisfactorily represented# 
The Saighan flora, therefore, belongs to the Angara rather than to the Gondwana 

> Pad. Ind , New Ser, Vol. IV, Mem 4,44 (1912). ^ 
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province, and we have, in these northern parts of Afghanistan, indications of the 
presence of the northern shores of the Tethys Sea.' 

Becently Mr. R. V. Sitholey has described a few plant remains collected by 
Dr. Fox from Chehil and the country to the west and southwest of that lake* 
bordered small village.® As the impressions are of Jurassic age, they come 
presumably from the Saighan series; they include a few forms additional to 
those recorded above, viz,, Alga-like impressions, JfeTctoma-like fronds, a doubtful 
Laccopteris, Conites sp., Mesembrioxylon sp., and a new Strobilites, 8, sahnii 
Sith. 

Further collections recently made by Dr. W. D. West from the Saighan 
series of Ishpushta, and described by Dr. K. Jacob and Mr. B. N. Shukla (Pal, 
Ind,, N. S., XXXIII, Mem. 2, 1955) include the following hitherto unrecorded 
fossils: 

Equisetales— 

Neocalafnites ishpushtenais sp. nov., 

Annidariopaia aimpaoni (Phill.), 

Filioales— 

Toditea sp., 

Klukia Weati sp. nov., 

Ooniopteria quinqueloha (Phill.), 

„ arguta (L. & H.), 

Eboracia lobifolia (Phill.), 

,, ahmadi sp. nov., 

„ denaifoU'a sp. nov., 

Clathropteria sp., 

Cycadophyta— 

Nilaaonia polymorpha var. tnajor nov., 

„ curvifolia sp. nov., 

„ achaumbergenaia (Dunk.), 

„ macrophylla sp. nov., 

„ of. N, oriefUalia (Heer), 

„ of. N. aaighamnaia Soward, 

Gimia afghanenaia sp. nov., 

„ conatrictita sp. nov., 

„ approximatua sp. nov., 

Paattdocycaa aaighaneMta sp. nov., 

Pterophyllum iahpuaManum sp. nov., 

„ barfakonso sp. nov., 

f Otozamtes sp., 

? Ptilophyllum sp., 

Caytonialos— 

Sagenoptaria phillipai var. afghanenaia nov., 

Ginkgoales— 

Qinkgoitea digitatua var. huttoni Sternd., 

Ooniferalcs— 

Pityophyllum of. P. longtfolium (Nath.), 

Pagioph/jfXum curvifoium (Dunk.), 

1 The light grey, much disturbed and shattored limestone ol <'he ligh hills known as 
Koh-i-Sultan and Ahmed Kabir, north of the Surkh-ab and west of Jalalabad, well exposed 
in the Tang-i-Bajan, and olassed by Griesbaoh with the limestone masses forming the Shutarir 
gardan and adjoining oountry south of the Surkh>ab as most probably Rh»tio, has not be^ 
included as suoh on Hayden’s map. (Afem. XXXIX, 20 (1911)). 

* Pal. Ind., New Ser., Vol. XXIX, Mem. 1 (1940). 
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Coniferales— eontd* 

EUdodadua of. E* plana (Feist.), 

Brachyphyllum of. B. mamillare (Brongn.), 

Stachyokasua dtgana Nath., 

M diatana sp. noy., 

Dammaritea aaiaticua sp. noy« 

The study of the large collection of plants apparently indicates a somewhat 
sub-tropical to temperate, comparatively dry climate for most of the region 
during the time when the vegetation flourished. The presence of marked annual 
rings in the wood of Mesembrioxylon sp. (described in the above memoir) 
also seems to suggest a climate with marked seasonal variations. 

The southern limits of the Jurassic Angara floral belt, extended south-east 
from Eamenka in the west through Caucasus to Turkistan and Saighan in 
Northern Afghanistan and then took a sharp northerly bend to Tadzik and 
probably stretched ESE to Kunlun and further east and north eastwards to 
Amurland and the Pacific Coast. The barrier between the northern Angaraland 
and the southern Gondwanaland was very effective even in the Jurassic period, 
although migration was comparatively easier during the Permo-Triassic times as 
suggested by the presence of a few elements of the southern Glossopteris flora in 
the Ural and Eusnez regions in U.S.S.B. 

The plant assemblage taken as a whole is definitely suggestive of a Jurassic 
age. The closest resemblance of the flora is with those of the Middle Jurassic 
age from Eamenka, the Caucasus, Eastern Tien-Shan and Amurland, all of which 
contain several forms common to those regions. Although there are a few forms 
in the above collections ranging into the Bhmtic and fewer still, extending to 
the cretaceous, on the whole, the Saighan flora may be referred to the Midflle 
Jurassic, 


GONDWANA EQUIVALENTS IN BURMA. 

Beds of the same age (Jurassic, perhaps Bhsetic) as some portion of the Upper 
Oondwana occur in Burma but, like the Afghan beds just described, have every 
appearance of belonging to the northern Angara continent and not to Gondwana¬ 
land. They are known as the Loi-an Coal Measures and are described in Chapter 
XXV. 



CHAPTER XXIIT. 

INDIVIDUAL GONDWANA EXPOSURES. 

Topographical grouping. I. Rajmahal Hills. II. Blrbhum. Deogarh and Karbarbarl 
r^lon : Birbhum; Sahajori; Jainti; Odd outcrops ; Qiridih. III. Damodar valley region * 
Baniganj ; Jharia ; Bokaro; Ramgarh ; Karanpura—South Karanpura-North Karanpura ; 
Chope ; Itkuri; Kunda, Aiujhar and Kisgo; Sherghati; Daltonganj; Sathbarwa ; Aurunga ; 
Hutar; Tatapani-Bamkola. IV. Mahanadi and Brabmani valleys : Athgarh; Talcher; 
Hingir; Kankani; Korba-Dharuijaygarh. V. Tbe great central tract of Sart^iiia and adjoining 
country : Bi^rampur; Lakhanpur ; Bansar; Panchbhaini; Damhamunda ; Sondurgar ; Main 
Pat; Unimportant outliers; Jhilmili; Kurasia; Koroagarh; Sohagpur coalfield; Johilla; Umaria 
Korar ; Hasdo<Behar tract; Singrauli coalfield. VI. Satpura region. Vll. Narbada west of 
Hosbangabad. VITI. Upper Taptlr^ion. IX. Godavari region. Inliers near Ellichpur; 
Inliors near Narkher and l^lmeshwar in Nagpur; Kamthi area; Bandar coalfield: Outliers near 
Khair and Arjuna ; Wardha valley, or Chanda-Yeotmal-Adilabad area ; Central portion of the 
Godavari; Outliers northeast and east of Pakhal Tank ; Singareni; Southeast extension. X. 
Coastal outcrops In the neighbourhood of Madras, north and south of the Palar river. XI. 
Utatur Plant beds of Trichinopoly. Significance of the East-Coast Gondwana occurrences. 
XII. Lower Narbada valley. XIII. Cutch and Kathiawar. XIV. Idar and Rajputana. 
XV. Garo Hills of Assam. XVI. Extrapenlnsnlar occurrences : Salt Range, Himalaya and 
Hazara; Afghanistan and Burma. 

Topographical grouping.— A brief description of the particular groups formed 
by the various Gondwana basins will help to complete the story of a formation 
which has given such a geological individuality to India. For this purpose, the 
following classificatory scheme will be employed, always bearing in mind that the 
Talchirs and Barakars are markedly uniform in their character over very wide 
areas, and that it is only in the epochs which followed that divergent features 
make their appearance and render correlation uncertain. To what extent regions 
I and II are integral portions of region III, in spite of the great length and the 
transverse position of region I, it is at present difficult to say ; provisionally the 
three regions are described as such, as they were in the first edition of this work 
but it is quite possible that the outcrops of II were at one time co-extensive with 
those of the Damodar line and that No. I is a terminal expansion of this line of 
outcrops. 

I. Rajmahal region. 

II. Birbhum, Deogarh and Karharbari region. 

III. Damodar valley region. 

IV. Mahanadi and Brahmani valleys. 

V. The central tract of Sarguja and adjoining country. 

VI. Satpura region. 

VII. Narbada, west of Hoshangabad. 

Vni. Upper Tapti region. 


(1017) 



1018 


ICAimAL OF 0S0L06Y OF INDU AND BtTRMA 


IVOL. 11. 


IX. Wardlift-GodaTari yalley, and adjoining portions of the Coromandel coast. 

X. Coastal outcrops in the neighbourhood of Madras» north and south of the Palar riyer. 

XI. The Utatur plant beds of Triohinopoly. 

Xn. Lower Narbada valley. 

XTIL Cutoh and Elathiawar. 

XIV. IdarandRajputana. 

XV. GaroHills of Assam. 

XVI. Bxfcra-peninsular occurrences. 

I.—RAJMAHAL HILLS. 

The Bajmahal hills, the western portal of the Ganges and Brahmaputra, extend 
from the former river below Golgong southwards to the neighbourhood of Suri in 
Birbhum. They separate the undulating area of Archasan rocks on the west from 
the Gangetic alluvium on the east. The hills are flat-topped, but the plateaux 
which cap them, although horizontal in the north, exhibit a gentle easterly tilt 
in the south corresponding to the prevalent easterly dip of their components rocks* 

The Gondwanas of this tract comprise the following subdivisions: 


Rajmahal series (chiefly volcanic). 1,600 feet. 

Dubrajpur stage. 460 „ 

Barakar stage .. 600 „ 

Talohir stage.7 


In the north, the Gondwana sediments rest upon the Archcean metamorphics; 
to the south, their western boundary is a line of fault, while the hard basaltic lavas 
of the uppermost subdivision form scarps facing the west and dip away gradually 
eastwards until the whole exposure disappears beneath the alluvium of the Ganges 
valley. By far the greater portion of the area is composed, of the Bajmahal traps, 
whilst a large tract on the hill-tops is covered with a thick accumulation of laterite. 

The Talchir stage is very poorly represented in the Bajmahal area and confined 
to three small outcrops which have escaped denudation along or very close to the 
western edge of the Gondwana tract. This stage, which shows excessive and irre¬ 
gular overlap by the Barakars, consists of the usual greenish silts and sandstones 
and in one or two localities of the boulder bed. 

The principal exposures of Damuda rocks, from north to south, are : (i) th^ 
Hura coalfield on the edge of the Gangetic alluvium^; (ii) the Chuperbhita coal 
field, probably continuous with that of Hura; (iii) the Pachwara coalfield, the 
long-flaming, non-caking coal of which is still used in a small way for brick-burning; 
(iv) a strip along the western flank of the hiUs extending for about eight miles 
southwards from Mahuagarhi Hill, with inliers to the east; (v) the Brahmani 
coalfield, bounded on the west by the N.-S. fault. 

The coal seams of the Bajmahal region are all shaly and poor in quality, though 
some of them are of eonsiderable thickness and capable of furnishing a large quan¬ 
tity of inferior coal. In the Hura tract, the friable felspathic grits, with decomposed 
felspar, together with some soft white shales containing a few seams of inferior 

1 The old village of Hura, now known as Lilatari, stands actually on the gneiss. 
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coal» may possibly belong to the Baniganj stage; otherwise the Damudas of the 
Bajmahal hills appear to show the usual characters of the Barakars. 

^ The Dubrajpur beds, in marked contrast to the Damudas, consist of coarse 
grits and conglomerates, often ferruginous, and are confined to a narrow strip of 
the country along the western edge of the hill tract, disappearing eastwards beneath 
the traps. Even from north to south the occurrence of the Dubrajpurs is capri¬ 
cious, and there is clear evidence that considerable denudation of these beds took 
place before the commencement of the volcanic epoch. The Dubrajpurs follow tho 
Damudas with a marked unconformity and are to the Bajmahal volcanic beds 
what the Infra-trappean are to the Deccan Trap 

The principal exposures of the Bajmahal plant beds are in the northern portion 
of the hills. The traps and sediments of this series have already been described 
in detail, and attention has been drawn to the possible presence of a volcanic vent 
at Simra, now represented by a group of small hills of trachyte. 

11.—BIHBHUM, DEOGARH AND KARHARBARI REGION. 

The basins of this heading, composed of Lower Gondwana sediments and all of 
small size, are links between the Bajmahal outcrops and those of the Damodar 
valley. Their existence would seem to indicate a former extension of Lower Gond¬ 
wana deposits over a great part of western Birbhum and northern Hazaribag. 

Birbhilin. —The Tangsuli outcrop of Barakar rocks lies about six miles northwest 
of Suri, the principal town in Birbhum. No Talchir rocks have been recognised 
in this basin-shaped syncline. Two small exposures, one with a faulted southern 
boundary, the other synclimal in structure, occur further to the west in the Sidh 
stream. Further west still in Birbhum is the Kandit Karayah tract, mostly of 
Talchir beds but partly of Damudas, all dipping southwest and cut off in this 
direction by a fault. 

Sahajori.— Across the Birbhum boundary in Deogarh, part of the Santhal 
Parganas, is the much larger Sahajori field, in which both Talchirs and Barakars 
are exposed, the former in a much greater thickness than the latter. The boun¬ 
daries of the area are for the most part depositional, but a fault traverses the tract 
from northwest to southeast and there are other smaller dislocations. At the 
southwestern margin, the Barakars overlap the Talchirs and rest upon the gneiss. 

Jainti. —The largest Gondwana area in Deogarh is that of Jainti (Karaun) 
to the west of the Adjai river, stretching as a narrow band for the most part nearly 
E.-W.; from the eastern end is given off a southern extension. The E.-W. portion 
dips northwards, its northern boundary being to a large extent a fault which is 
parallel to the great fault boundaries of the Damodar valley basins, though its 
throw is in the reverse direction ; along its southern boundary this E.-W. portion 
of the belt rests upon the gneiss. Nearly four-fifths of the whole exposure consist 
of Talchir rocks, the rest being Barakars. Amongst the boulders in the Talchir 
boulder bed are some of great size, consisting of granite and gneiss as well as of 
quartzites very similar to those seen in the Kharagpur hills of Monghyr sixty miles 
away. Concretions of impure argillaceous limestone in parts of the Talchirs 
have yielded a few fossil plants. In the Barakars are some thin seams of coal 
some of which is of good quality ; many of the seams, however, have been spoiled 
by intrusions of mica peridotite. The western end of the filed is traversed by 
a large dolerite dyke. 
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Odd Otttcrops.-^out]iwest of DeogarH town is another small Gbndwaha basin 
consisting of Talchir rocks. A small area of Barakar rocks is seen across the 
Baghdaru stream, a mile south of Kharjori; no seams of coal are present and the 
rocks are traversed by at least two dolerite dykes. Small Talchir outcrops have 
been noted in other parts of the Santhal Parganas, including the following: one near 
Makranda in the Sidhisari valley; four down the Adjai valley from Alaura ; 
another at Alakbera, below the junction of the Jainti and Adjai rivers; another at 
Ghusi; and two smaller ones near Barchandi. There is a large outlier of the same 
rooks in the valleys of the Damgari and Pichri streams, above and below Ladudai, 
and at least three others up the Barakar river, on and near the confluence of the 
Irga and Barakar rivers at Bardaha. Further to the west, in northeastern Hazari- 
bagh, are four small tracts of Talchirs. 

Giridih. —Some twenty-three mies due north of the Jharia coalfield is the 
small but important Giridih or Karharbari coalfield; it is 11 square miles in area, 
8 square miles consisting of Karharbari rocks, the rest of Talchirs together with some 
inliers of gneiss. Some conglomerates of small quartz pebbles in the southeast 
of the field are doubtfully referred to higher Barakar horizons. The northern and 
southern boundaries of the field are faulted in parts and nearly straight, directed in 
each case approximately WNW-ESE. The throw of the faults is, however, 
small, and Gondwana sediments are found in places south of the southern fault. 
The field is traversed from WNW-ESE by other faults, the most important 
of which appears to form the southern boundary of the large genissic inlier on which 
stands the village of Karharbari; eastwards this fault splits into several minor 
branches. Except along the faults, the beds dip generally from all boundaries 
towards the middle of the field. Away from the northern and southern boundary 
faults, the rocks, as a rule, are very little disturbed. 

The Talchirs, which are about 600 feet thick, are overlapped by the Karharbaris 
at the eastern end of the basin ; they everywhere surround the gnessic inlier 
referred to except along its southern boundary where the Karharbaris have been 
brought up against the gneiss by the median fault mentioned above. The Karhar¬ 
bari beds, which have already been described in detail, are here some 500 feet in 
thickness and include seams of first-class coking coal equal if not superior in quality 
to the best coals of Raniganj or Jharia. The main seam, from 12 to 16 feet thick, 
lies close to the base of the stage. Dykes of igneous rock varying in direction, 
are numerous, and some of them have seriously injured the coal seams. 

Minor outcrops of Talchirs in Hazariba^. —About nine additional occur¬ 
rences of Talchirs beds have been recorded further west in the Hazaribagh 
district. 


III.—DAMODAR VALLEY REGION. 

The important coalfields of the Damodar valley form a chian of Gondwana 
basins running east and west, and separated from each other by very short distances. 
The valley lies south of the tract in Birbhum and northern Hazaribagh, the two 
regions approaching each other to the eastward but being separated to thewest 
by the Hazaribagh plateau, on which are found no Gondwana rocks with the excep¬ 
tion of one small outlier thereof. The small basins near Hazaribagh and Dalton- 
gan] are classed with the present group ; they form links with the more extensive 
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areas 6f the Son Valley. The basins nnder consideration, therefore, include the 
following; 

A. Daxaodar valley— 

(i) Baniganj; 

(ii) Jharia; 

(iii) Bokaro; 

(iv) Bamgarh; 

pNortli; 

(v) Karanptira J 

\South. 

B. Northwest Hazaribagh, Ga 3 ra and Palainau— 

(vi) Chope; 

(vii) Itkuri; 

(viii) Shorghati; 

(ix) Daltonganj; 

(x) Sathbarwa and other baisn in Palamau. 

C. West ward continuation of the Damodar valley line—. 

(xi) Aurunga; 

(xii) Hutar; 

(xiii) Tatapani'Bamkola. 

Raniganj. —The Raniganj, formerly known as the Burdwan coalfields from 
the Bengal district in which a portion of it lies, is the most easterly of the chain of 
coalfields which follow approximately the Damodar valley. Traversed from west 
to east by the river, this field, some 18 or 19 miles across from north to south, 
covers a visible area of about 600 square miles, but there is no doubt that the 
rocks of the basin extend farther to the east under the laterite and alluvium of the 
Ganges valley. The eastern limits of the field are thus hidden and not known. 
On the northwest and south, it is bounded by Archsoan rocks. 

The beds exposed include : 

Maximum thickness 


4. Supra-Panchet (? Dubrajpur stage) . . . • 1,200 feet 

3. Panchet /. 2,000 „ 

rc. Baniganj. 3,400 „ 

2. Damuda series b. Ironstone Shales .... 1,350 „ 

(^a. Barakar. 2,100 „ 

1. Talchir. 950 „ 


11,000 „ 

The so-called Durgapur beds, which appear to be younger than the Panchet, are 
either the equivalents of the Supra-Panchet group or are of Miocene or even younger 
age. The structure of the basin is comparatively simple, the dip over the greater 
portion of the area being towards the south. In the north it is usually about 6® 
and rarely exceeds 10"^, but towards the southern edge of the basin there are exten¬ 
sive rolls in the strata and frequently high dips; finally, along the southern edge 
itself, the Gondwana strata are everywhere turned up at high angles abruptly 
against the Archoan in a well defined fault. Independent of the southern boundary 
there are several large faults within the field itself. Along the northern boundary 
several nearly parallel faults, with a general NW-SE direction, throw the rocks 
in succession, each having a downthrow to the northeast. One patch of Barakars 
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thrown by the faulting farthest to the northeast is quite unconnected with the 
main outcrop; another fault runs for some miles almost down the bed of the 
Adjai river. The lowest Gondwana stage—the Talchir—is, therefore, exposed 
along the northern boundary and, speaking generally, is followed southwards by 
successively newer horizons, the Baniganj and Panchet beds cropping out cover 
wide ares of the sothern half of the basin. 

Both of the two distinctive types of igneous intrusion are seen in this field, the 
doleritic or basaltic dykes of regular habit, and the ultra-basic dykes and sills o^ 
mica-peridotite and lamprophyre which exhibit considerable variation in their 
mode of occurrence. The former traverse Gondwanas and Archseans alike and 
are unaffected by the faulting of the coalfield; their direction is usually NW¬ 
SB or NNW-SSB. The ultra-basics, on the other hand, are confined to the 
Gondwana beds and appear to be intimately associated with certain of the faults 
of the area. It is these intrusions, varying from moderately regular dykes to anasto¬ 
mosing sills, which have availed themselves of the easy access afforded by the coal 
seams and have wrought such havoc among the latter in certain area. Though 
widespread in the Baniganj measures, these intrusions are more abundant in 
the Barakar stage, and this is one of the reasons why the Barakar coal seams are 
for the most part inferior in quality to those of the higher-lying Baniganj stage. 
These ultra-basics form a number of narrow dykes in the overlying Panchet strata 
of the southern portion of the field. 

According to Mr. Gee, the evidence of the Baniganj area indicates a sequence of 
events beginning with earth movements resulting in at least the major displace¬ 
ments of the Gondwana strata, followed very closely by the intrusion of mica-perido- 
tite and lamprophyre, and ultimately by the doletire intrusions which were de¬ 
finitely subsequent to the faulting. The Talchirs are well developed in the north¬ 
west of the basin and here appear to pass up into the overlying Barakars ; to the 
east and also to the southwest they die out. 

Some of the Barakar coal exhibits a peculiar spheroidal structure, and round 
balls thereof of various sizes up to more than a foot in diameter break away from 
the mass when the coal is mined. The proportion of coal in the lower Damuda 
beds is at times large. In one section, totalling 833 feet of rocks, an aggregate of 
not less than 175 feet consists of coal. It is, however, exceptional to find any 
seam continuing unchanged throughout a large area, and so irregular are the 
Barakar seams in thickness that beds several feet thick are sometimes seen to thin 
out and disappear entirely within a few yards. This thinning-out is especially 
rife when the roof of the seam consists of coarse sandstone, and in such cases it 
is evident that, through some change in the circumstances of deposition, the coal 
has been swept away and replaced by an accumulation of sand. There is also a 
notable tendency for the seams to vary in quality within short distances. 

The Ironstone Shales, which overlie the Barakars, occupy a well marked ridge 
of raised ground traversing the coalfield from east to west, their elevation being 
due to their superior power of resisting disintegration; they thin out and are 
overlapped by the Baniganj group in the southwest corner of the field. The 
proportion which the ironstone bands bear to the shales varies. In one measured 
section of 150 feet, 26 bands of iron ore were counted, the aggregate thickness of 
which was about SJ feet, or 1 in 17J, the rest being shale; elsewhere, in a sunk pit, 
the proportion was 1 in 9, but in this case three-quarters of the iron ore was 

black band ** which contains less iron. The shales appear, in some cases at all 
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events, to be quite impermeable to water—^an important advantage in mini^^ 
The clay ironstone of the Ironstone Shales was for a number of years mixed with, 
a high-grade iron ore from elsewhere and used in the blast furnaces of Kulti. 

The coals of the Raniganj stage, in many cases superior in quality to those or 
the Barakar, are, furthermore, constant in thickness and quality over larger areas 
and are known only in a few cases to have been seriously injured by volcanic in¬ 
trusions ; the basalt dykes which traverse these rocks as a rule affect only the 
coal in immediate contact and do not ramify through the seams. The proportion 
of coal to the total thickness of strata is very much less in the case of the Ram-' 
ganj stage than it is in the case of the Barakar. 

In the southwest part of the field, a bed of magnesian limestone has been found 
in the lower portion of the Raniganj stage, and has been quarried of a supply of 
flux to iron-works ; it has been traced over a considerable area to the northeast, 
where, however, it becomes more sandy and impure, splitting apparently intu 
smaller bands intercalated with sandstone. Calcareous sandstones are common 
in the Raniganj stage. A band of ironstone in the upper portion of the Raniganj 
stage affords assistance in tracing the relations of this stage to the overlying 
Panchets, for it can be followed by the fragments found on the surface over a 
large area. 

The Ramnagar, Begunia, Sanctoria and Deshergarh seams, as well as certain- 
sections of the Laikdih seam, are composed of first-class coal which, either alone 
or when carefully mixed with a strongly caking coal, will yield a hard coke suitable 
for metallurgical purposes. Of the 270 million tons of coal extracted from^ this 
field up to 1934, Gee estimates that some 30 per cent. (81 million tons) consisted 
of such coal, 40 per cent. (108 million tons) of superior-quality non-coking coal 
and 30 per cent. (81 million tons) of inferior coal. The total reserves of coal in, 
Raniganj down to a depth of 2,000 feet in 1934 were calculated to be 8,679,926,(XX)* 
tons. The present annual output is something like 6^ million tons, i.e., aboufr 
30 per cent, of India’s total. 

The Panchets occupy a basin in the middle of the field and extend to the southern 
margin; they are also found in two smaller areas along the southern edge, one* 
of them incompletely surrounding Panchet Hill, the largest and highest hill in the 
coalfield. The change to the Panchets is usually marked by the occurrence of red- 
clay on the surface of the ground. The felspar, which forms a considerable pro¬ 
portion of the sandstones of the Panchet group, remains undercomposed instead of 
being converted into kaolin as it has been in the case of the Damuda sandstones; 
in consequence, the sandstones of the younger group are. more fusible, and bands of 
hard) semi-fused rocks, on each side of the basaltic dykes traversing the beds, 
can be seen standing out li ke walls in places near the Dam odar river. The Panchets 
are extremely micaceous throughout. The reptilian bed of this formation is best 
exposed in the bed of the Damodar near the village of Deoli. 

Resting, probably with an uncomformity on the Panchet strata are some coarse, 
pebbly, ferruginous sandstones and subordinate dark red clays, forming the upper* 
portions of Panchet, Gorangi and Biharinath hills. These almost horizontal beds, 
which have yielded a few imperfect plant remains, are thought to be the equivalents 
of the Dubrajpur beds of the Rajmahal area. Their outcrops cover a total area of 
only about 4 square miles, but on both Panchet and Biharinath hills the thickness, 
of the beds can scarcely be less than 1,000 feet, and may be as much as 1,200 feet. 
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In tho eastern part of the field, around Durgapur, are some soft, coarse, fels^a* 
thic, pebbly sandstones, very similar lithologically to the supposed Ihibrajpui 
beds further west but probably younger; some of these so-called Durgapur beds 
appear to be no older than Miocene*. 

The main complex boundary fault, which limits the coalfield to the south and 
west, has caused the Gondwanas to sulfide within the Archaeans to a depth varying 
up to at least 9,000 feet in the vicinity of Panchet Hill. This southern fault is 
by no means a single unbroken displacement, but rather a series of large strike- 
faults en Sohelon. With local exceptions, the northern limit of the basin, in con¬ 
trast to the southern, is one of natural deposition and is a trace of the uneven 
Archaean land-surface that existed in early Gondwana times. Just as the main 
Raniganj basin owes its preservation to the effect of the principal boundary 
fault to the south, so the trans-Adjai strip of Damuda sediments owes its survival 
to the agency of the large oblique strike-fault which follows the Adjai river, 
with a downthrow to the northeast. In addition to the dislocations mentioned, 
•above, there are many cross-faults, some of them of very considerable throw 
others of only minor consequence, which complicate the northern boundary of the 
coalfield and in many cases continue southwards for a great distance within the 
higher Gondwana strata. Mr. Gee remarks that particularly in the case of cer¬ 
tain of these northern cross-faults, the strata swing round markedly, almost parallel 
to the dislocations, so that the local structures include a succession of fractured 
monoclines following along the lines of the faults, with synclinals, pitching, 
•steeply southwards, in the adjoining areas®. 

Regarding the age of the displacements Mr. Gee concludes that, from the evi¬ 
dence of the unconformity between the Panchet and supra-Panchet rocks, it is 
possible that minor faulting and folding commenced in early Gondwana times, but 
it is certain, on the other hand, that the major displacements, afiecting as they do 
the Lower Gondwanas and supra-Panchets alike, took place at a later date, pro¬ 
bably during Jurassic times. 

Jharia.—The Jharia coalfield, which was not discovered till about 1858, lies 
west of the Raniganj basins and is separated there from by some 14 or 15 miles of 
Archsean gneiss. The Damodar, which passes across the southern part of the field 
but is not navigable, provides a valuable supply of sand for stowing purposes to 
those collieries which have adopted this economic method of working their seams. 
This field is much smaller than that of Raniganj, the Gondwana rocks exposed 
having a total area of about 175 square miles and being nowhere more than 12 
miles in width and 24 miles in length from west to east. 

The structure and disposition of the rocks are very similaz generally to those 
pertaining to Raniganj, even to the presence of a small inlier of gnesis. Ljing 
abruptly upon the Archaean gneiss, the Gondwanas comprise Talchir and Damuda 
sediments similar to those found in the Raniganj area, but no younger formations. 
The southern boundary is a long, nearly straight fault, and the strata show a general 
dip towards this boundary where they are abruptly out off. The throw of the 
boundary fault is less than that of the correspondiiig feature in the Raniganj 
basin. Both at the eastern and western ends of the field. Dr, Pox records irre^- 
larities suggestive of compression on a line connecting the two localities, amounting 
^rhapa to overthrUsting in the west; at the eastern locality a horst of {{neiss 
indents the Gondwana boundary. There are several strike faults within the basing 
and thei^ aice described as ‘‘ sag ” faults which begin suddenly, increase when 

IB. B. Qee. Mem. LXI, 70 (1932). 

< Hem. LIX, 85 (1034) 
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traced leterally for a mile or bo to a considerable throw and die out a little further on.. 
Such faults, which are common in the northern and central parts of the fields 
are normal tensional displacements, evidently related to those forming the southern 
boundary. A few cross faults are recorded. In the neighbourhood of the gneissic 
inlier, the faults of the coalfield become confinuous with quartz reefs in the gneiss*. 
In Dr. Fox’s opinion, many of the quartzreefs seen in the gneiss along the Grand 
Trunk Road a few miles north of the Jbaria basin mark fault lines which have be¬ 
come filled with quartz. 

The Talchirs are well exposed in the northwestern and western parts of the field, 
attaining a thickness of quite 800 feet, of which about 50 feet near the base consist 
of a boulder bed of re-sorted moraine material. The rest of the stage is made 
up of argillaceous sandstones, buff-coloured arenaceous clays, dark greenish 
shales with calcareous nodules, and typical greenish-buff needle shales * 
Throughout the greater portion of the northern border of the basin, 
the Talchirs occupy but a narrow strip of country seldom more than half-a-mile 
across, and in the northeast of the field are overlapped by the Barakars. The 
glacial pavement, mentioned in the previous chapter, occurs to the north of Suranga<, 
No fossils have been recorded in the Talchirs of this area. 

The Damiidas, which are described by Fox as clearly separable from the Talchirs, 
are seen to overlap completely the latter rocks in the extreme east of the field 
and to rest upon the gneiss. The Damuda series consists of the following: 


3. Banigai) j stage ......... 2,200 feet 

2. Ironstone Shales. 700 „ 

1. Barakar stage. 3,000 ,, 


5,000 „ 

Comparing these figures with those of Raniganj, it would appear that whilst the 
lowest stage has increased in thickness, the two younger stages show marked 
decreases; the Ironstone Shales group, however, is of somewhat artificial individuali¬ 
ty, and the Raniganj stage may have suffered reduction in the »Tharia area by the 
denudation of some of its highest horizons. No animal relics have been found in 
the Daraudas of Jharia, but plant remains are common throughout. 

The Barakars occupy the greater portion of this field, and are shaly on the whole, 
with thick-felspathic grits and sandstones near the base. Coal if found throughout, 
the largest seams lying mostly near the base. Nearly all of it, especially that of the 
higher seams, has caking propensities. Many of theBarakar seams of Jharia provide 
some of the best steam and caking coals obtainable in India. Most of the hard 
coke produced is used by the iron-smelting industry and for foundry purposes; 
the manufacture of soft coke may have a great future provided it can compete 
successfully with the use of dried cow-dung as a domestic fuel throughout the 
country. Many of the Jharia seams have been rendered locally worthless by sills, 
and dykes of mica-periodotite and dolerite. 

The Ironstone Shales arc not nearly so well marked a group as they arc in Ran- 
gani, and ironstones are less abundant. 

The Raniganj stage is distinctly poorer in coal seams, both in number and thick-, 
ness, in J'.aria than it is in Raniganj. This has been attributed by Messers. 
Medlicott and Blandford to the absence of the higher portions of the stage which, if 
they were ever present at all in the Jharia area, appear, in the opinion of these two 
observers, to have been removed by denudation. Od this assumption, the most, 
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valuable coal seams of the Ranigaui ‘field are unrepresented in Jharia, where com* 
'paratively few seams have been traced above the Ironstone Shales.t Dr. Fox, on 
the other hand, correlates the highest Baniganj borlzon^^ in Jbaria wi b the highest 
Raniganj horizons in the Baniganj field. Whichever view may be the correct 
•one, the rocks of the Raniganj stage in Jharia have been much disturbed and are 
in general inclined at angles too high for profitable mining. 

TTp to the year 1934, the total output of coal from this field was of the orde r 
of 256 million tons. Since 1908 this coalfield has provided one half of the total 
production from Indian mines. The reserves of coal to a depth of 2,000 feet in 
1934 were estimated to amount to nearly 20,664,000,000 tons. 

Bokaro.—The river Bokaro, which traverses the basin from west to east before 
joining the Damodar, has furnished the name for the next coalfield, in the eastern 
portion of which the two streams unite. Like the Bamgarh nad Karanpura fields, 
it occupies low valley country, whilst the ground both to the north and south is 
much higher and composed of Archaean metamorphic rocks. This long narrow 
strip of Gondwana strata, roughly 40 miles from east to west and less than 7 miles 
from north to south, lies in a belt of trough-faulting, and covers an area of about 
220 square miles. The eastern end of the field is within two miles of the tongue 
of Talonirs which extend westwards from the Jharia basin. The deepest part of 
this coalfield lies beneath Lugu Hill, which is also the highest point attained by the 
•Gondwanas of this tract. The difference in level, therefore, between the relatively 
flat country of east Bokaro, occupied by Middle Barakar beds, and the presumed 
Mahadeva summit of Lugu Hill—a difference of not less than 2,500 feet—gives 
some idea of the extenisve denudation which the rock of the area must have 
suffered’. The top of Lugu Hill is above the general level of the adjacent 
Hazaribagh plateau. 

This field occupies in the main a trough-like depression between two parallel 
faults, one of which forms part of the northern boundary, and the other the greater 
portion of the southern ; about half of the northern boundary, however, is a natural 
depositional one, whilst the southern fault trespasses for a considerable distance 
within the Gondwana outcrop, rocks of the Damuda series occurring for some 
distance to the south of the fault. These large faults run nearly east and west 
in this field, but smaller faults with a general NNW-SSE direction are met 
with and appear to correspond with the NW-SE faults of the Baniganj field; 
they are evidently of later date than the great EW faults which they dislocate 
in places. On the whole, the rocks of the Bokaro area are more disturbed than 
those in the fields to the eastward. 

The thickness of the Gondwana subdivisions exposed in this field have not 
yet been determined; these subdivisions are : 

? Mahadeva (? Dubrajpur); 

Panohet; 

("Raniganj; 

Damuda -i Ironstone Shales ; 

(^Barakar. 

Talchir. 

The two extremities of the field consist almost entirely of Barakars, while 
Idgher beds are exposed in the centre. The Talchirs are but poorly developed, 

1 C. S. Fox. Mm. UX, 120 (1934). 
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their principal exposure occurring on the western edge of the basin. A few small 
patches are found along the northern border and the same beds form a narrow 
margin for some four miles on the northeastern boundary. They are overlapped in 
many places by the Barakars, which rest directly upon the Archaean throughout at 
least half of that portion of the boundry which does not consist of a fault. The 
Talchirs are of the usual character, and the boulder bed is well developed, boulders 
being found occasionally in the upper members of the stage as well as near the 
base. 

The Barakars occupy about three-quarters of the whole field. A conglomerate 
of small quartz pebbles at their base is well marked, and they contain numerous 
ooal seams, some of them of considerable thicknenss. Most of the coal is of in¬ 
ferior quality, but the principal seam -the Kergali—is in several places over 100 
feet (in one place 125 feet) thick and of good quality. Above the Kargali is a 12- 
feet seam, and below it are the Bermo and Karo seams, 40 feet and 80 feet thick 
respectively. The reserves in east Bokaro in the Kargali seam alone are upward 
of 500 million tons of good coal, most of which is of good caking character and, if 
cleaned, capable of yielding metallurgical coal. Coal prospects in west Bokaro 
are less promising, but this part of the field has not yet been thorogughly exploited. 
Dr. Fox has called attention to the fact that in three of the Damodar valley coal¬ 
fields—Jharia, Bokaro and Karanpura - the eastern areas appear to contain far 
more attractive seams in the Barakar stage than are found in the same strata in the 
western tracts of the same fields ; this seems to be due largely to the fact that the 
seams are far less disturbed by faults and are better exposed in the eastern areas of 
each field and have thus received greater attention. The annual production from 
Bokaro between the years 1928 and 1930 inclusive exceeded 2 million tons. 

Ironstones occur in the Barakars and there is no marked line of division between 
this stage and that of the Ironstone Shales. At the same time, the Ironstone 
Shales are more fully developed in this field than in any other, being 1,500 feet 
thick. They present precisely the same character as they do in the Baniganj 
field, and pass downwards into the Barakars from which they are distinguishable 
only by mineral characters. The Ironstone Shales, besides intervening between 
the Barakars and the Baniganj beds east of Lugu Hill, occur in a small tract in 
the northwest of the field where both they and the overlying stage are let in by 
faults, and also occupy several tracts in the southwest of the field south of the 
great boundary fault. A few other patches of these shales are observable, but 
they are small and unimportant. The ironstones themselves are described as 
rather siliceous and inferior in quality to the bands associated with the Barakar 
stage. 

The Baniganj stage covers a tract of about 14 square miles to the east of the 
Fanchet outcrop around Lugu Hill, and is again found in the northwest corner of 
the field, resting on the Ironstone Shales with a well marked unconformity and 
abruptly overlapping them in places. It contains few workable coal seams. 

The Panchets occupy a tract in the middle of the field ; Lugu Hill is entirely 
surrounded by these beds and the plinth of the hill itself is composed of them. 
They consist of the usual micaceous sandstones, green silty beds,and red clays. 
Their unconformity to the Damudas is striking, for, although they rest on the 
Baniganj beds to the eastward, within the short distance of about a mile they com¬ 
pletely overlap both the Baniganj and the Ironstone Shales north of Lugu Hill, and 
to the west they rest upon Barakar beds. In places the Panchets can be seen 
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dipping at an angle of 15^ and resting upon Damuda strata inclined at from 25^ 
to 30^, a relationship which points to the folding and denudation of the Damudas 
prior to the deposition of the Fanchet sediments. 

The whole of the uppoer portion of Lugu Hill is made up of coarse conglomerates, 
grits and sandstones, much impregnated with iron, and having generally a reddish 
colour ; they are described as precisely resembling the beds of Fanchet Hill in the 
Baniganj field. The rocks of the hill are nearly horizontal, and the slopes are 
BO covered with pebbles and other detritus that the relations between these beds 
and those of the underlying group are concealed. It has been suggested that these 
higher beds may be the equivalents of the Dubrajpur beds of Eajmahal or the 
Mahadevas of the Satpura region. 

Dykes of dolerite and of mica-periodotite are nearly as common in this field as 
they are in that of Jharia, and there is possibly no area in India wihch offers better 
facilities for the study of the baked and fused strata associated with the burnt 
outcrops of coal seams than that between Eargali and Sawang. The instructions 
traverse all the Gondwana groups except the supposed Mahadevas or Dubrajpurs. 

Ramgarh. —The Bamgarh coalfield lies due south of the Bokaro area, the shortest 
distance between the two Gondwana outcrops being only 3J miles. This field 
derives its name from the old town of Ramgarh on the Damodar river, near the 
western extremity of the area, and is of irregularly triangular shape, its greatest 
length from west to east being 14 miles. It is broadest in the east where it measures 
about 8 miles from north to south, diminishing rapidly in breadth to the westward 
until it is not more than a mile across; beyond this narrow portion, however, it 
continues for another 6 or 6 miles to the west with a breadth of from 1 to 2 miles* 
The whole area is about 40 square miles, and is traversed throughout its entire 
length by the river Damodar. 

As in the Baniganj and Jharia basins, there is in this small area a general dip 
of the rocks southwards and an abrupt and faulted southern boundary. The 
direction of the western portion of this boundary is nearly the EW, as in the 
Bokaro field, but in the eastern portion the strike turns to ESB. The western 
part of the field is much cut up by cross faults running NNW-SSE ; these 
dislocations, like those in the Bokaro field, appear to he of later date than the EW 
faults. 

No rocks younger than the Baniganj occur in the Ramgarh basin. The sub¬ 
divisions exposed, with their approximate thicknesses, are as follows: 


{ Baniganj 

Ironstone Shales.. . 1,200 feet. 

Barakar. 3,000 „ 

Talchir. 860-900 „ 


The Talchir rocks occupy a considerable area in the extreme north of the field, 
and they again occur on the eastern boundary, but they are overlapped by the 
Damuda throughout the greater portion of the eastern and northern borders of 
the Gondwana area, and they only appear in two small patches along the north¬ 
western boundary and in another patch at the extreme western end of the basin. 

one spot, they are found on the southern fault, which traverses them at a place 
where its throw is very small. The boulder bed is well developed to the north. 

The Barakar is the only stage in the field which is developed over a large area 
and presents an unusual thickness. Its beds are of the same character as they 
are in the neighbouring coalfields, consisting of grits and sandstones, with conglo- 
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mentes of small white quartz pebbles towards the base. There are several seams 
of coal which, in the eastern part of the area, are generally thick and gently-dipping, 
variable in quality and much interbedded with carbonaceous shale. In the western 
parts, the coal is of workable thickness and better quality, but the seams dip at 
steeper angles and the coal is frequently crushed and cut off by faults. 

The Ironstone Shales are much less carbonaceous than they are in the Raniganj 
field, and consist of shales and sandstones, with a few bands of poor-quality clay 
ironstone. The area occupied by the stage does not exceed half a square mile. 
With the exception of a small outlier on the Damodar in the east of the field, the 
.Ironstone Shales are confined to a tract a little east of Ramgarh, where they in¬ 
tervene between the Barakar and Raniganj beds. This tract, the only portion of 
the Ramgarh area in which the Raniganj stage is found, is surrounded by faults on 
all sides. These Raniganj rocks, covering nearly a square mile, are much dis¬ 
turbed by faulting, and no coal seems to have been detected among them. 

The field is not free from dolerite dykes and possibly from mica peridotite 
instructions. 

Karanpura. —The two Karanpura fields—North Karaiipura and South Earan- 
pura—conclude the list of the Damodar valley coal basins. They lie due west of 
the Bokaro and Ramgarh fields and in close proximity to them, only a mile interven¬ 
ing between the Bokaro and North Earanpura tracts, and about 2^ miles between 
the field of Ramgarh and that of South Earanpura. South Earanpura forms a 
small separate basin connceted at one point with the North Earanpura out¬ 
crop by a short strip of Talchirs, but separated therefrom elsewhere by a narrow 
belt of gneiss. 

The Earanpura tract of Goiidwanas is complicated by faulting and other irregu¬ 
larities. The greater part of the portion spoken of as North Earanpura forms a 
main central basin with a general E.-W. strike. The outcrops of the Damuda 
stages of this basin, instead of tailing'out Westwards in a regular manner, are all 
repeated, partly by the aid of faulting, in what might be described as a small 
subsidiary basin west of Burgaon. In the southwest corner of the North Earan¬ 
pura tract is a better defined subsidiary basin which evidently belongs to the 
axial line of the South Earanpura field. Each corner of the blunt eastern end 
of the North Earanpura outcrop also forms an incomplete subsidiary syncline ; the 
more northerly of these is sliced with faults, while the more southerly or Rikba 
half-basin is in a line with the Bokaro basin. Some first-class and a greater number 
of second-class coal seams have been proved in the Earanpura fields. The total 
quantity of both first and second class coal down to a depth of 2,000 feet has been 
estimated by Dr. A Jowett to be between 5,000 and 10,000 million tons. Thick 
good-quality seams which can be quarried characterise the southern field. Both 
dolerite and mica peridotite intrusions are met with in both coalfields. 

South Earanpura. —The South Earanpura field is 23 miles in length from east 
to west, its average breadth being about 4 miles ; the area occupied is about 76 
square miles, 4 or 5 of which, however, are composed of an inlier of gneissic rocks 
near the eastern end. The Damuda river traverses the field from east to west 
and the centre of the field lies to the southeast of North Earanpura. The southern 
boundary consists of the usual line of faulting, which cuts off all the sedimentary 
locks, none of the latter being found on the southern side of the throw. The 
general dip is, as in other fields, to the south, 
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The rocks exposed include: 
fBenlganj; 

Ikunuda < Ironstone Shales; 

(^Barakar. 

Talchir. 

According to Dr. Jowett, neither the Panchets nor the Mahadevas are present 
in the South Earanpura tract. The Talchirs are seen in three or four places at 
short and extremely thin frintes to the Barakar outcrop along its northern border 
and round its eastern termination. In one place they appear to have been 
recognised on the line of the southern boundary fault.' Elsewhere 
throughout the northern boundary, the Barakar stage rests directly upon 
the iichsean. No Talchirs are exposed around the gneissic inlier, although the 
greater part of the boundary is one of nautral deposition. The Barakar beds 
occupy nearly three-quarters of the area, and appear to contain more coal than they 
do in the other fields of the upper Damodar Valley. Some bands of rich ironstone 
occur in this stage. The two higher Damuda stages are poorly developed. The 
main exposure of these beds lies within the Barakar outcrop, but its southern 
boundary is for the most part a line of faulting more or less parallel to the southern 
faulted boundary of the basin as a whole. Westwards the Eaniganj beds 
overlap the Ironstone Shales and rest on the Barakars. 

North Karaiq^ura. —Covering an area of over 470 square miles, as it does. 
North Earanpura is second only to Baniganj in size among the coalfield basins of 
the Damodar vallley. Its maximum length from east to west is nearly 40 miles, 
while the width across the middle portions of the ba un is about 20 miles. The 
Damodar river runs for many miles through the southwest portions of the field. 

The Gondwana formations present, with their approximate thickness, so far 
as these have been ascertained, are as follows: 


Mahadeva 300 feet. 

Panohet.7 

{ Baniganj.? 

Ironstone Shales .. 600 feet. 

Barakar. 1,500 „ 

Talchir. 400 „ 


The shape of the exposure is nearly elliptical, and the field has more of the 
character of a structural basin than any other tract of Gondwana rocks in the 
Damodar valley. The highest beds occupy the middle of the field, and the lower 
groups crop out to the south as well as to the north of them. To the eastward 
the beds are cut off on the south by an E.-W. fault, which brings up to the surface 
the belt of gneissic rocks incompletely intervening between this field and that of 
South Earanpura. To the westward the field extends much farther to the south 
than it does to the eastward, and the southern boundary here appears to lie along 
a westward continuation of the line of fault which forms the southern limit of the 
South Earanpura field. 

In this field an important change has taken place in the relatios of the different 
rock groups to each other. In the Eaniganj coalfield, the Baniganj stage is the 
most developed, while three groups, all of considerable thickness, intervene bet¬ 
ween the Baralmrs and the so-called Mahadevas. All these intermediate groups 
thin out greatly to the westward, and their diminution in thickness is continued 
in the field under consideration. Still farther to the west, no rocks intervene 
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between the Barakars and a thick group of sandstonesand conglomerates resembling 
in mineral character the supra-Panchet rocks of the Damodar Talley and the 
Mahadevas of the Satpura hills. 

The Talchirs in North Karanpura occupy a total area of no more than 9 square 
miles. Of the two largest patches, one occurs at the extreme north of the basin, 
while the other crops out in the south, joining the Gondwanas of North Karanpura 
to those of the South held. There are numerous minute outcrops along the irregu¬ 
lar eastern margin of the field and around a small genissic inlier at this end of 
the basin. Throughout by far the greater part of the unfaulted portion of the 
field margin, the Barakars rest upon the gneiss. The beds consist of the usual 
shales and fine-grained sandstone with the boulder conglomerate at their base. 
One of the best known sites where well preserved plant remains occur in the Tal¬ 
chirs of India is that near Bikba. 

Accompanying some of the outcrops of Talchirs, especially the two largest, and 
intervening between these rocks and the main bulk of the Barakars, are pebbly 
sandstones, flagstones and a few thin coal seams, which are remiriscent of the 
Karharbari beds of Giridih. The Barakars as a whole cover nearly one half of the 
basin, and almost completely surround the area occupied by the higher formations. 
They are much less shaly and contain more sandstones than the same beds in the 
more easterly basins. Several coal seams occur, some of them of substantial 
thickness ; some of the thinner seams are said to be of good quality. Throughout 
long sections of the Barakar outcrop there is evidence of the presence of coal in the 
baked and fused rocks where seams have been on fire along their outcrop ; the 
destruction of surface coal in this way has been considerable. Such superficially 
injured seams, however, arc found intact at a relatively shallow depth, and ex¬ 
perience has shown that the combustion of such outcrops with the evolution of so 
much heat generally means that the quality of that particular coal is good. Dr, 
Jowett has noted seams of 90, 72, 59, 53, 46, 37, 35, 30 and 28 feet, and other 
between 12 and 24 feet. The thickest and most important seam is found about 
300 feet above the base of the Barakars, but the quality varies and shale partings 
make up a considerable proportion. Some rich ironstones are found in the Barakar 
stage, the best haematite containing as much as 60 per cent, of iron. 

The Barakars of this basin have been divided into three sub-stages as follows : 

3. Shales and shaly sandstones with thin coal seams and, at the top, ironstone^. 

2. Predominant sandstones, less coarse than those below, coal seams of moderate thick 
ness, and several beds of iron ore; no conglomerates. 

1. Conglomerates of small quartz pebbles, coarse sandstones and grits, with some thick 
coal seams. 

As usual, the coarse grits and pebble beds from low hills, in contrast to the 
more or less level country of the higher Barakar horizons, the Ironstone Shales and 
the Kaniganj stage. Some of the felspathic sandstones of the Barakars weather 
into peculiar little i)itted depressions not unlike animal footprints. The relative 
thickness of dijfferent members of this stage varies greatly from place to jdace 
a bed of sandstone frequently changing in thickness within a short distance. 

The Ironstone Shales are found in the northern and eastern portions of the 
field, where they form a narrow fringe, much interrupted by cross faults, to the 
Baniganj outcrop. To the west and south they are everywhere completely overlap¬ 
ped. This stage is represented in both the small subsidiary half-basins in the ex¬ 
treme east of the field. The shales of this area are described as paler in colour, more 
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siliceous and much less carbonaceous than they are in the Banigan; field; the 
ironstones also appear to be somewhat less rich. 

^ The Baniganj stage crops out in a band averaging some two or three miles in 
width and surrounding the Fanchet and Mahadeva areas in the middle of the field; 
it is also present in the westerly repetition of the main basin, and in the three small 
subsidia^ basins mentioned above. There is little in their mineral character to 
distinguish the Baniganj beds from the upper Barakars, and where, as in the 
western part of the field, the intervening Ironstone Shales are absent, it is difiioult 
to draw a boundary line between the two stages of the Damuda. There are several 
coal seams but very few of workable thickness. 

The Panchets of North Karanpura occupy a considerable tract around the hills 
of supra-Panchets or Mahadevas. The Panchet sandstones of this area are for the 
most part coarser and less micaceous than those of Bokaro. Bed clays are common 
in the middle and upper portions of the series, but are not distributed in thick beds 
as they are in the Baniganj field ; they are in fact thinly laminated and alternate 
with green micaceous clay. 

Besides a few scattered outliers, the Mahadevas form the hills of Maudih (Mahudi) 
and Sathpahari in the centre of the field ; they also occupy a small rise about three 
miles long near Ganeshpur in the westerly repetition of the main basin, as well as 
Gerwa (Malhan) Hill which forms the centre of the small subsidiary basin in the 
extreme southewest of the Gondwana area. Maudih is a plateau about 11 miles 
in length from east to west and 5 across from north to south. The rocks consist 
of massive sandstones, occasionally conglomeratic, with rate intercalations of hard, 
red, flaggy and shaly beds. The pebbles in the sandstones are very characteristic, 
being sub-angular and iron stained. In spite of the usual apparent concordance 
between the Panchets and Mahadevas, the overlap of the former by the latter is 
proof of actual unconformity; in one or two sections clear angular unconformity 
can be seen. 

Both mica peridotite and dolerite intrusions are met with in this coalfield; 
the latter at any rate are said to be less abundant than they are in the more easterly 
Damodar fields. Further to the westward no dykes are found in the coalfields 
until the area of the Deccan Trap is entered. Faults of any size are less prevalent 
than they are in the other Damodar fields. It has been suggested that the paucity 
of dykes and large faults indicates in the one case that the Karanpura area is near 
the limit of the volcanic outbursts of Banmahal times, in the other case that the 
principal dislocations in the more easterly Damodar fields were connected with 
the disturbances which preceded the outpouring of the Bajmahal traps. 

Three miles west of the extremity of the Karanpura field occur some sandstones 
belonging to the Gondwana system on an isolated hill known as Madaghir. 

Ch^.—The Chope area, in the bed of the Mohani river, probably the smallest 
tract ox coal-bearing Gondwana rocks in India, is of peculiar interest from its 
position on the top of the Hazaribagh plateau, some 2,000 feet above sea-level. 
It lies about six miles north of the northern edge of the Karanpura coalfield, and 
is a repetition in miniature of some of the characteristic features of the Damodar 
coal basins. It is sub-triangular in shape, about 1J miles in extreme length from 
wes^by-north to east-by-south, and rather less than a mile broad in a direction 
at right angles to the length.^ It consist of Talchir and Barakar rocks, dipping 
to the southward, with an anticlinal dome in the centre exposing an inlier of Tal- 
chirs. Along its southern border, this Gondwana tract is cut off by a fault running 
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west-by-north to east-by-south. The Talchirs skirt the field and consist of fine 
greeni^ sandstones with the boulder bed. Only a small thickness of Barakaras is 
exposed but it includes a 4-foot seam of shally and inferior coal. 

Itkuri. —The Itkuii (Itkhori) coalfield, about 25 miles north of the Karanpuia 
fields lies further down the Mohani valley than Chope. It is 15 miles long from east 
to west, but very narrow, being nowhere more than 2 miles broad. The whole area 
ccmsists of Talchir beds with the exception of one small patch, about half a square 
mile in extent, occupied by Barakars. The boundaries are mostly normal, a small 
fault cutting off the single outcrop of Barakar beds to the northeast and bringing up 
Archsean rocks against it. The Barakars contain three seams of inferior coal. 

Knnda, Amjhar and Kisgo. —Three or four small outliers of Talchir rocks are 
known to occur 30 miles northest of Giridih, in the valley of the Eunda. Another 
outlier occurs south of Amjhar, and yet another a mile southwest of Eisgo. 

Sherghati. —A small exposure of Talchir beds is known in the bed of the Murhar 
river, at the small village of Gangti, 20 miles southwest-by-west of Sherghati. The 
only interest attaching to this outcrop is its occurrence on the edge of the Gangetic 
alluvium, and the consequent suggestion that Gondwana rocks may exist beneath 
the alluvial deposits in this part of the Gangetic plain. 

Daltonganj. —The Daltonganj coalfield, about 50 miles west of Hazaribagh 
town, is traversed by the North Eoel river, a tributary of the Son. Coal was first 
worked in this area from 1842 to 1848, and later by the Bengal Coal Company whose 
colliery at Rajhara was wrecked during the Great Mutiny of 1857. Previous to 
1901 (when railway communication was established down the Son valley to the 
main line of the East India Railway), the coal was sent by boat down the North 
Eoel and Son rivers to the Ganges. The field is a long irregularly shaped tract, 
with very tortuous boundaries ; it is about 50 miles in length from east to west, and 
varies in breadth from 1 to 8 miles, its total area being 200 square miles. Inside 
the basin, whose boundaries appear to be natural ones, several intextcnsive inliers 
of geniss occur. Around the field are scattered some small outliers of Talchirs. 

The only formations represented are the Talchirs and Barakars. The former 
covering more than four-fifths of the area, are about 500 feet thick, and comprise 
the usual rocks, sandstones being more prevalent than shales, whilst the boulder 
bed is well developed. The Barakars are restricted to a tract nearly 10 miles 
in extreme length from northwest to southeast, and 4J miles broad, with an area 
of 30 square miles. The lithological character of the stage is different from what 
it is in the Damodar fields, the sandstones, which form the bulk of the formation, 
being friable, slightly calcareous, more frequently yellow than white in colour, 
composed of alternating fine and coarse layers, and very current-bedded. The 
general appearance of these beds is intermediate between typical Barakars and 
typical Raniganj sandstones, and it should be borne in mind that this field lies 
beyond the region within which the Raniganj stage has been recognised. Seams of 
coal are few in number and of indifferent quality; the evidence of plant remain 
has been adduced as indicative of a Earharbari age for the seams in the neighbour¬ 
hood of Rajhara, where one of the seams is as much as 29 feet thick. 

No mica peridotite has been met with in the coal workings, and there is onl7 
one dolerite dyke in the field. 

Sathbarwa. —Talchirs have been observed at Sathbarwa, a halting-place 16 
miles southeast of Daltonganj, on the road to Ranchi, intermediate in position 
between the Aurunga, Hutar and Daltonganj basins. 
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S^T^ral other small basins of Gondwana rooks are known to occur in the Falamau 
country. 

Aunuiga.—The Aurunga river gives its name to the Aurunga coalfield through 
which it filows northwestwards to join the North Eoel. The eastern limit of tMs 
field is about five miles west of the western end of the North Earanpura outcrop. 
Although not part of the present catchement area of the Damodar river, the Aurunga 
coalfield was an intergral part of the Gondwana sedimentation of the Damodar 
vallby. The synclinal nature of this basin has been greatly complicated by E.-W. 
and NW-SE faults, and the southern boundary is almost entirely one of natural 
deposition. The total area of Gondwana beds is 97 square miles. Exclding the 
few scarped hills which mar the outliers of Mahadevas, the country is flat or 
gently rolling. 

It is only in places that the Talchirs peep out from below the Barakar bed^ 
and around the greater part of the unfaulted margin of the field the latter overlap 
the former on to the gneiss. The thickness of the Talchirs exposed is given by 
Dr. Ball as 300 feet. The same authority quotes 1,500 feet as the maximum 
thickness of the Barakars, 1,000 feet as that of the Baniganj, 700 feet as that 
of the Fanchet, and 1,000 feet as that of the Mahadeva. It has, however, been 
found difficult to mark off the Baniganj beds from the Barakar and to separate 
them from the Panchets. The Barakar beds are unusually ferruginous and are con¬ 
sequently not easily distinguished from the overlying Mahadevas which are largely 
develop^. The Ironstone Shales have not been recognised. The Mahadevas 
appear to rest discordantly on the rocks below, and in the western part of the field 
lie directly upon the Barakars. A few rare coal bands are to be seen in both the 
Barakar and Baniganj stages, but the coal is of very poor quality, and it is only 
by courtesy that the area could be called a coalfield. An interesting feature of 
the Aurunga area is the apparent absence of basic or ultra-basic igneous intrusions; 

An outlying strip of the Talchirs, including the boulder bed, is seen a few miles 
west of the Aurunga outcrop, stretching W.S.W.-wards for two or three miles. 

Kitar.—Ten miles or so west of the nearest edge of the Aurunga outcrop is the 
commencement of the Hutar basin, lying on the same line as the Aurunga^ Earan*^ 
pura and Damodar valley fields. A little under 80 suqare miles in area, this field 
is traversed from southwest to northeast by the Eoel river and, therefore, like the 
Aurunga, belongs to the present catchment area of the Son, though obviously another 
relic of the old Gondwana valley which coincided lower down with the Damodmr. 

A large part of the northern boundary of this tract is faulted, and a promi¬ 
nent E.-W. fault, characterised in one place by a hot spring, crosses the more 
Sdut^rly portion of the Gondwana outcrop ; otherwise, most of the border appears 
to be one of natural deposition. 

By fur the greater part of the area is taken up by the Barakar stage, which is 
fring^^^ interruptedly by the Talchirs. From fossil evidence, some of the Barakar 
beds are suspected of corresponding to the Karharbari sediments of the Giridih 
field; the topmost horisons of the Barakars are described as somewhat abnormal 
though too coarse in character for typical Baniganj beds. Several seams of coalare 
present, some of them of good quality. The only other Gondwana formation 
represented is the Mahadeva, which occurs only in the western part of the field 
and in a rmalf outlier stretching, westwards from Bitwa Hill. 



OwAm XXIII.] 


lUDninDVAL 60KDWANA EXPOSURES 


1035 


TE(apaiii-Rnikola.--Still along the Damodar valley line and again belonging 
to tile Son catchment area is the Tatapani-Bamkola coalfield, the eastern extremity 
of which is about 15 miles west of the western limit of the Hutar outcrop. It lies 
OB R floor of Dharwar rocks in north Sarguja, between the Eanhar and Behar (Ber, 
rivers, and is but an easterly prolongation of a very large spread of Lower and 
Upper Oondwana rocks, which stretches westwards through western Sarguja, 
across southern Bewah into the eastern borders of Jubbulpore. This large tract, 
covering so much of Sarguja and northeast Bilaspur, is the termination not only 
of the Damodar valley line of Gondwana basins but also of the Mahanadi line of 
similar outcrops; it includes several coalfields, to which attention will be given after 
the Mahanadi line of Gondwana outcrops has been described. The central portion 
of the Tatapani-Bamkola area is drained by the Morne which flows westwards and 
joins the Behar. The eastern end of the field is traversed by the Sendur, a tribu¬ 
tary of the Kanhar. 

Confining present attention to the Gondwana rocks east of the Behar, the total 
area is about 800 square miles, of which more than two-thirds consist of Maha- 
devas. The latter occupy central hilly country and divide the Lower Gondwana 
outcrop into two bordering but very irregular belts. The general synclinal character 
of the field has been much disturbed by faulting and the only extensive unfaulted 
section of the boundary is that at the eastern end, where there is a marginal out¬ 
crop of Talchir. This tract of Gondwanas has been preserved from denundation as 
a result of its subsidence between linse of more or less parallel faulting. 

The Talchirs, which do not exceed 900 feet in thickness fill up hollows in the 
Dharwar schists which here from the floor of the syncline. Bedding is most irre¬ 
gular, beds thinning out and thickening very rapidly. Among the boulders cf the 
boulder bed are some enormous blocks 30 or 40 feet in diameter, lying in a fine 
silty matrix. 

The Barakars appear to lie unconformably on the Talchirs and overlap them on 
to the Dharwars. Griesbach speaks of a denuded surface of Talchirs in one place 
with old post-holes filled with thinly laminated bluish-grey Barakar shales.^ 
The thickness of this stage probably does not exceed 900 feet, but the upper 
limit, unlike the lower, is ill defined. The thinness of the coal seams, the 
poorness of the coal, and the isolated position of the area render it of little 
economic importance at the present time, but further investigations are desirable. 
The largest and best seams occur in the vicinity of the Morne river. 

The Baniganj beds are claimed to be recognisable by their plant remains. They 
are described as remarkably rich in iron-ore bands or nodules and thin bands of 
ironstone tiiale. Petrologically they differ from the beds of the type area, conspi- 
ououdy so in the absence of coal. They consist chiefly of white felspathic and 
Jpritty sandstones, white shales with numerous plant remains, thick beds of clay 
ironstone, ferruginous sandstones with nodules of iron ore, and ironstone shales ; 
the last are well seen in the Sendur river section. The approximate thickness of 
this stage is probably not more than 1,300 feet. 

AH sandstones, grits, clays and shales between the so-called Baniganj and 
the typical Mahadeva beds have been included by Griesbach in the Panchets, which 
are estimated to be 1,200-1,500 feet in thickness in the Tatapani sections at the 
eastern end of the field, but which thin out considerably westwards. The com¬ 
monest rock is a red clay. Several characteristic plants have been noted in the 
Pmichet sediments. 


i ir«m. XV, 148 (1880). 
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The Mahadevas from bold, often perpendicular escarpments, and plateaux from 
2,000 to 3,000 feet above sea-level. Their thickness is probably nowhere more 
tl^n 800 feet. Nearly the whole formation is composed of thick, extensively 
jointed beds of reddish brown, ferruginous, gritty sandstone, generally current- 
bedded and remarkable for their hard ferruginous partings; these parting cut up 
the beds in a singular manner and, after the rock has undergone disintegration, 
remain standing like thin walls and long ridges in the mass of the sandsone. 
The Mahadevas may overlap younger rocks but this requires confirmation they 
are in places faulted against all the other rokcs—Archsean, Talchir, Barakar, 
Baniganj and Panchet. 

Dykes and intrusive sheets of trap have penetrated all rocks from Archaean 
to Mahadeva. Denudation has exposed large sheets of this trap east and south of 
Bamkola; in the latter region these sheets can be seen to have pushed their way 
for considerable distances between the Barakars and the overlying Mahadevas. 
The largest patch of sills is connected with a large dyke which traverses the Maha¬ 
devas for several miles. 

IV- MAHANADI AND BRAHMANI VALLEYS. 

The enormous central tract of Gondwana beds already mentioned extends south¬ 
wards into the northern portion of Bilaspur, beyond which it gradually contracts in 
width southeastwards into the line of basisn along the Mahanandi and Brahman 
valleys to the vicinity of the Orissa coast at Cuttack and Puri, by way of the 
Eorba, Baigarh-Hingir and Talchir coalfields. Along this line, however, the 
Gondwana tracts are less definitely separated from each other than they are 
along the Damodar line. There is a wide gap between athe Athgarh and Talcher 
exposures, but the former consists entirely of Upper Gondwana beds, and the 
latter is separated by only a very short distance from the long narrow tongue 
of Talchir rocks which connects with the Baigarh-Hingir colafied. The areas to 
be considered under this heading are: 

1. Athgarh; 

2. Talcher; 

3. Hingir; 

4. Korba-Dharmjaygarh. 

Athgarh.—The Upper Gondwanas of the Athgarh tract, whose nearest point 
is about 30 miles from the coast, have already been described. Though coal is 
reported to have been found near Sideshar Hill, some four miles west of Cuttack 
town, this does not seem to have been confirmed, and no trace of Lower Gondwana 
beds has been detected in the exposure. It is of course possible that the Lower 
Gondwanas have been completely overlapped by the Upper, but this is porblematical 
and has never been proved by boring. A dykes of basalt near Sideshar Hill has 
intruded the Upper Gondwanas of this area. 

Talcher. —^Named after the State of Talcher, the Talcher coalfield lies almost 
entirely in the valley of the Brahmani river, which discharges into the Mahanadi 
delta northeast of Cuttack. From a point to the southeast of Talcher town this 
outcrop of Talchir, Damuda and Upper Gondwana rocks stretches westeazds for 
70 miles across Talcher State, the Angul district, and the States of Athmllik and 
Bairakhol, to terminate at Bampur^ and has a maximum breadth of a little over 18 
miles; it has an area of something like TOOsquare miles, and lies on a floor of Arch- 
lean gneiss traversed by dykes of granite and diorite. 
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The noithern boundary is abrupt and faulted tlicu^liout. The 80 U,thern 
boundary is for the most part also a fault, and the field Las e^ery appearance of 
having been preserved in the trough between these two lines of dislocation. The 
northern fault is marked by quartz veining and fault breccia, and in one or two 
cases divides into branches. In the eastern portion of the field, the general dip is 
north, increasing in magnitude near the faulted boundary, but extensive rolls are 
observable throughout this part of the field; in the west, the whole area is occupied 
by nearly horizontal beds belonging to the Upper division. The groups represneted 
are: 

Hahadova; 

fKamthi; 

Damuda ^ 

l^Barakar; 

Talchir. 

The Talchirs, which have a maximum thickness of 500 feet, occupy the southeast 
corner of the field; they reappear between the branches of the fault along the 
northern boundary, and are represented in the extreme west of the field where they 
project in typical tongue-shaped extensions occupying old hollows in the Archaean 
floor. This field is the type locality for the series, and the usual constituents— 
boulder beds, shales and sandstones—are well developed and characteristic. 
Traces of annelids or molluscs as well as a few plant remains have been found 
in the beds. • 

The Damuda series appears to be represented by the Barakars and the Kamth^ 
(Raniganj). The latter were originally included with the Mahadevas, but some of 
the beds in the western portion of the field show every indication of being identical 
with the Kamthi series of the neighbouring Raigahr-Hingir area. The Barakars 
cover a large tract in the eastern portion of the field, where they stretch almost 
from the northern border to the southern. Westwards they are usually overlapped 
by higher beds, but are claimed to be present at one locality in the extreme west. 
These beds are distinctly unconformable to the Talchirs, and consist of white 
felspathic sandstones, coarse grey and brovrii grits, blue and carbonaceous shales 
and some beds of coal. The coal is dull and frequently shaly, with a low ash but 
high moisture content, the latter feature rendering it non-caking. 

The higher beds are unconformable to the Barakars, the discordance being not 
only indicated by overlap but actually seen in one or two sections. The rocks 
resting upon the Barakars consist of yellow and white sandstones with purple clays 
and have some resemblance to the Upper Eamthis near Chanda, as well as to some 
of the Panchet beds in the Damodar valley. Near Patrapada these beds attain a 
thickness of at least 600 feet, and appear to be more disturbed than the conglo¬ 
merates and grits of the supposed Mahadeva series which rest upon them. Similar 
sandstones and clays are found in other parts of the field and, although no fossils 
have been found, they have been referred with some probability to the Eamthi, a 
series which is exposed in the Mahanadi valley farther northwest. 

The beds forming the higher portions of the hills, in the western part of the 
Talcher field, consist of grits and conglomerates containing pebbles of gneiss 
quartzite and sandstone; some of the sandstone fragments closely resemble Talchir 
sandstone but may be derived from certain Vindhyan beds which are very similar 
in mineral character to some of the Talchir rocks. These conglomeratic upper beds 
are all more or less ferruginous, and contain bands, of jaspery ironstone like those in 
the Mahadevas of the Satpura hills and in the Eamthis of Nagpur. From the 
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Apparent difference in the degree of disturbance suffered by the supposed Ekamthia 
on the one hand and the overlying conglomerates on the other, it seems not unlikely 
that the latter represent some Upper Gondwana formation and may be referable 
to the Mahadeva. They exhibit some likeness to the Athgarh beds of Cuttack. 
To the south of Fatrapada, this conglomerate series is about 800 feet thick. 

The rocks tentatively assigned to the Kamthi and Mahadeva series eocupy 
nearly two-thirds of the total area of the field, the principal outcrop occurring west 
of the main Barakar exposure and occupying the whole width of the field from the 
northern to the southern boundary. The same beds also occur in some small patches 
along the northern boundary of the Barakar outcrop ; the most important of these 
builds up a hill known as Konjiri northwest of Talcher town and overlooking the 
Brahmani. 


Not trap dykes have been found in the Talcher basin. 

Hingir. —The Hingir or Baigarh-Hingir coalfield forms the southeastern 
extremity of the great central tract of Gondwana. The southeastern portion of 
this area is sometimes spoken of as the lb Biver or Bampur coalfield and is traversed 
by the Ib river, but it is nothing more than an integral portion of the large synclinal 
basin stretching from the vicinity of Sambalpur northwest wards for over 90 miles 
continuously into the Lower Gondwana area known as the Kobra and Udaipur 
coalfield. The large Gondwana belt now being considered carried the town of 
Hingir, where it is rather more than 20 miles in width. Southeastwards, this belt 
terminates in a long narrow tongue of Talchir beds which extends for a distance 
of nearly 50 miles and ends within two or three miles of the Talcher field. The 
southwestern limit of the tract is straight and faulted for a long distance. The 
greater part of the floor of this basin is of Archaean gneiss, but for a short section of 
its northeast boundary it lies upon Dharwar rocks and to the west of Hingiri it 
covers the margin of the great CUattisgarh outcrop of Purana sediments. The 
northeastern margin is irregular, but that the town of Hingir lies within a basin is 
indicated by the disposal of the Barakars with respect to the central tract of Eamthis 
or ** Hingirs ” as they have been called. 

The rocks found in the Hingir area consit of: 

Hingir (Kamthi). 1,000 feet. 

Barakar.7 

Talohir. 250 feet. 


The Talchirs are for the most part confined to the southeastern border of the 
field and to the long strip which almost connects the outcrop With that of the Talcher 
field, but the beds make their appearance in other places from beneath the Barakar 
margin. 

The Barakars occupy a considerable tract of country in the southeast of the 
field, and a narrow strip of these beds extends up each border therefrom. The 
northwestern part of the area is composed of another large outcrop which is conti¬ 
nuous with a still larger outcrop stretching westwards to Kobra and beyond. In 
many places the Barakars overlap the Talchirs and rest on the ancient floor rocks 
throughout considerable distances, as, for instance, along the northeast boundary 
of the field where such an overlap is seen for some twenty miles. The beds have 
a general low dip, not usually exceeding 10^, towards the faulted southwestern 
border of the field, but there is a considerable amount of rolling. 

nie Barakars of this area consist of felspathic sandstones and grits,! shales 
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and coal. About 500 feet of sbaly beds with coal seams and occasional iiitercala>- 
tions of sandstone are exposed in the Baisundar river, north of Hingir. Elsewhere 
the rocks exposed appear to consist chiefly of sandstones and conglomerates, the 
latter in some places containing occasional pebbles of red jasper. In the neigh*- 
bourhood of Rampur, the Barakars contain much brown ba&matite in nests and 
regular bands. Of the coal seams known, the majority are thin and made up of 
a high ash coal, but some are of workable quality and size. 

The so-called Hingir beds consist of coarse ferruginous sandstones and conglo¬ 
merates, and beds of red shale, but no carbonaceous bands. They form great 
masses of flat-topped hills, lying very nearly horizontal and consequently uncon- 
formable to the more inclined Barakars beneath them, and have been traced for 
fifty miles. In lithological character they resemble the Kamthis of the Godavari, 
valley and have yielded plant remains all of which are of Damuda species not 
f ound in the Upper G ondwanas. Nevertheless, some of the beds have strong resem¬ 
blances to Mahadeva sediments, and the higher coarse sandstones may perhaps 
belong to this younger group, for it has been found most difficult to divide up a 
mass of sandstones all similar in character and in which fossils are very rare. What 
ever their precise age, the beds occupy the greater portion of the basin, the Barakar 
appearing from beneath them ; at the northern end of the basin they overlap the 
Barakars and rest upon the ArchoGan gneiss, while along the southwest boundary 
they are faulted against the Chhattisgarh Purana rocks. Through the upper 
sandstones of this younger group the streams have cut deep gorges, and the under¬ 
lying rooks arc frequently exposed in the bottoms of the valleys. 

Only one trap dyke has been found in this area traversing the Barakars. A 
considerable quantity of laterite covers portions of the field. 

A few very small outliers of Talchir beds have been noted to the south of the 
Hingir field and afford proof that the Gondwana system formerly covered a wider 
area. Of these outliers three, none of which exceeds a square mile in area, occur on 
•r near the Ib river about 10 miles northwest of Sambalpur. A fourth is found 
just south of the Mahanadi and opposite to the junction with the Ib. Another is 
met with about 40 miles farther south on the Paljor river, a tributary of the Ong, 
and yet another on the Tel river, about 80 miles south of Sambalpur. 

Kankani. —About twelve miles W.N.W. of Raigarh, a very small outlier, 
made up of about one square mile of Talchirs and one square mile of Barakars 
lies partly upon the Puranas of the Chhattisgarh basin and partly upon gneisse 
rocks. This outcrop is barely two miles south of Kharsia Railway Station, and on 
its northern margin is situated the village of Eankani. 

Korba-Dhamijaygarh. —^In a northwest direction, the Hingir area is conti¬ 
nuous with a larger Gondwana tract covering parts of central and eastern Bilaspur 
and the western margin of Udaipur State. The central portion of this tract lies 
between the Hasdo river on the west and the Mand river on the east, but both 
Barakars and Talchirs extend for 24 miles west of the Hasdo river to a point a 
little beyond the village of Pali, It is the Mand river which separates the Eorba 
field from that of Hingir, but it is very probable that these two fields, instead of 
belonging to two individual synclinal basins,are integral parts of a single basin nearly 
100 miles in length from northwest to southeast. It is quite possible that the two 
tracts are part of the same syncline and that the two separate outcrops have been 
isolated from each other by denudation due to cutting down of the Mand river and 
the uhodvezing of a broad ^It of Barakar rocks along its valley. The field has been 
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named after the small town of Korba on the Hasdo river, since it is the best known 
coal locality. 

The Barakar outcrop slightly exceeds that of the younger rocks in size. Tal- 
chirs, sometimes filling up hollows in the ancient rock-floor, are exposed to an 
appreciable extent along the irregular western border, and a tongue of these 
rocks connects this part of the tract with the Gondwanas of Matin; elsewhere 
the usual small patches fringe the Barakar outcrop. In the Mand valley, the 
Barakars cover an area which cannot be less than 200 square miles, and contain 
several coal seams, some of considerable thickness and average quality. The 
Korba or lb river portion of the Barakar outcrop is not much smaller in extent, 
and also contains coal seams which appear to be workable; Two thick seams, 
one of them 80-100 feet thick, appear to unite when traced laterally to produce a 
single seam 150 feet thick, though much of the coal is of poor quality and the 
seam includes a considerable proportion of shaly material. 

Sandstones, either corresponding to the Eamthis of Hingir or belonging to the 
llahadevas, are seen occupying an irregular central hilly tract between the two 
rivers. Trap of the Deccan suite caps some of these hills of younger sandstone in 
the northern portion of the field, including the liill of Ramgarh in southeast Sarguja. 


V. —THE GREAT CENTRAL TRACT OF SARGUJA AND ADJOINING 

COUNTRY. 

A brief consideration may now be given to the large central expanse of Gond- 
wana beds which form the common termination of the Damodar valley basiis and 
the Mahanadi-Brahmani line of outcrops. In this region the Gondwana sediments 
instead of being distributed in lines of detached basins, occur in the form of a 
very large continuous outcrop which extends from Jubbulporc on the west to the 
Tatapani coalfield of eastern Sarguja on the east; its northern limit stretches 
through Rewah a little south of the Son into the southern corner of Mirzapur. 
while to the south it extends beyond Sohagpur, through Korea to the Korba coal 
field already described. For a considerable distance this tract is 90 miles broad. 
Its rocks are said to have more in common with the Gondwanas of the Satpura 
region further west than with those of the Damodar valley. There is a general 
tendency to a northerly dip throughout the western part of the area, and again 
in the tract of Damuda rocks in SingrauU dn the north side of the main Upper 
Gondwana outcrop. The northern boundary, swinging from W.S.W.-E.N.E. to 

W. -E. is for a considerable distance nearly parallel to the general course of the 
river Son, at a distance of from five to twenty miles south of the river. This boun¬ 
dary is very straight and of an abrupt character, and in places it is clearly a fault; 
along the line of junction are found fragments of both Damuda sandstones and the 
ctystalline rocks which occur outside the Gondwana area to the north crushed 
together into a breccia. Higher rocks than the Damudas occupy the area to the 
northward in the western part of the Gondwana tract (Sohagpur) near the upper 
Son, but easteards they extend past the Singrauli outcrop of Damudas which 
make their appearance abruptly on their northern border. The length from west, 
to east of this broad continuous exposure of higher rocks, consisting for the most 
part at any rate of Upper Gondwana beds is about 200 miles. In the western 
part of the area these mgher beds overlap the Lower Gondwana division and rest 
on Bijawar or Yindhyan rocks. The eastern and southeastern boundaries of tiie 
tract have already been described; on the south is a large spread of Talchizs resting 
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upon the gneiss, whilst to the southwest the whole Gondwana system is gzadually 
overlapped by the Deccan Trap scrap and the Lametas underlying the traps. 
These overlying rocks, where they first impinge on the area from the south, conceal 
only the lower members of the Gondwana system; the higher members extend 
farther to the west, while the highest of all locally, the Jabalpur group, forms a 
narrow and interrupted band cropping out at intervals round the northern margin 
of the Trap plateau of Mandla to Jubbulpore in the Narbada valley. The manner 
in which the Gondwana rocks disappear beneath the traps of this plateau confirms 
the conclusion that the former, to some extent at any rate, continue beneath the 
igneous rocks, and that the south Rewah and Satpura regions are parts of one 
continuous tract of Gondwana sediments. 

The Talchir, Damuda, Mahadeva and Jabalpur series of the Gondwana system 
are all represented in the south Kewah area. It is quite possible that the lower 
portion of the beds mapped as Mahadeva may represent the Panchet; among 
these lower strata are the beds at Parsora, a village 6| miles N.N.B. of Pali and 
about 18 miles W.N.W. of the town of Sohagpur {vide page 964). Forty miles 
to the northeast of Parsora and some seven miles south of Beoliari are the beds of 
Tiki with their labyrinthodont remains and coniferous wood; they are regarded 
as the equivalents of the Maleri beds of the Wardha-Godavari region, and belong 
in all probability to the Mahadeva series. 

The Talchirs occupy a large crescent-shaped tract on the Rehar river in south 
eastern Rewah and Singrauli, the length along the curve of the crescent being 
about 50 miles, with an average breadth of 5 or 6 miles. There are some smaller 
outcrops in the same neighbourhood along the northern boundary of the Gondwana 
tract, but the largest is only three or four miles across. The great expanse of 
Talchirs lies on the south side of the tract, where these beds cover several hundreds 
of square miles around Korea, one of the Sarguja States, and continue thence 
westwards until they disappear under the Lametas and Deccan Trap ; this expanse 
of Talchir beds thus forms the southern margin of the south Rewah Gondwana 
basin. 

The Damudas are represented by the Barakars throughout the region, and this 
group, being of economic importance on account of the coal it contains, has received 
more attention than the other beds. There are, however, good reasons for believing 
that higher Damuda horizons are present to the westward in Sohagpur and the 
Johilla area, and it is possible that there is discordance between the Barakars and 
these higher Damudas, though this is not certain. Some of the beds included With 
the Barakar were at one time thought to have much in common with the Kar- 
harbari stage of the Giridih field. Possible representatives of the Raniganj have 
also been recorded in southeastern Rewah. 

On the south side of this great basin, the Barakars occupy a very large area in 
the valley of the upper son in Sohagpur, where the river runs from southeast to 
northwest parallel to the scarp of the Deccan Trap plateau. From the Son valley 
the Damuda outcrop extends continuously to the east as far as the Jhilmili coalfield, 
south of the main expanse of Upper Gondwanas. 

Along the central section of the northern boundary of this Upper Gondwana 
exposure is a large outcrop of Lower Gondwanas, while a narrower belt of these 
older beds partially envelopes the eastern end of the younger exposure in the 
Tatapani coalfield. On the south the Upper Gondwana tract is bordered by a 
stiU larger outcrop of Lower Gondwanas stretching from the Sohagpur coalfield 
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in the west to that of Bisrampur in the east; the eastern half of this outcrop is 
pierced by numerous inliers of Archaean gneiss, some of them of considerable size, 
and the western half has an extremely winding boundary with the'gneiss. 
Several outliers of the Deccan Trap are seen upon the Lower Gondwanas, and 
trespass here and there across on to the Upper Gondwanas. In a 'W.S.W. 
direction, the Gondwana beds of this region disappear irregularly beneath the 
Deccan Trap, reappear in Jubbulpore, and are probably continuous beneath the 
Trap with the Satpura basin. A glance at the map will show that, but for the 
overlying volcanic formation, there would be an almost unbroken belt of Gond¬ 
wana beds across the Peninsula from near Hoshangabad in the Narbada valley 
to within forty miles of Cuttack in Orissa, t.e., throughout eight degrees of longi¬ 
tude. A similar continuity no doubt at one time existed from the same western 
point in Hoshangabad down the Damodar valley to the Baniganj coalfield and 
beyond a distance of more than nine degrees of longitude. 

In the more western coalfields of the Damodar valley, as compared with the 
eastern, there is a diminution in thickness of the whole Gondwana system, due 
mainly to the gradual thinning out of all the groups between the Barakar and the 
coarse, ferruginous sandstones and conglomerates which have been referred to 
in this work tentatively as the Mahadevas of Upper Gondwana age. This gradual 
disappearance of the intermediate groups is carried so far that in places the Maha- 
deva conglomerates rest directly on Barakar rocks. The same relative sequence, a 
thick mass of sandstones, more or less conglomeratic, resting immediately on 
Barakars, prevails, so far as is known, in the upper Son valley near Sohagpur and in 
south Rewah, as well as throughout the Bilaspur, Sambalpur and Talcher coalfields 
but, as we have seen, it is probable that in the neighbourhood of Sambalpur the 
lower portion of the higher beds is of Damuda age (Raniganj). A similar sequence 
occurs in the Godavari valley, where also a conspicuous change in lithological 
character, accompanied by unconformity, is to be seen between the Barakar beds 
and the succeeding formation, and where the beds immediately following the Bara¬ 
kars contain Damuda fossils. There is thus a noticeable similarity between the 
Gondwana succession in the Godavari valley and that in the Mahanadi and Brah- 
mani valleys. In south Rewah also Damuda fossils occur in places at horizons 
higher than those of the Barakar stage. In the Satpura area the sequence is 
different. Here a full succession of Lower Gondwana beds is followed by an eq ually 
complete succession of Upper Gondwana strata. Although the middle stage of 
the Damudas resembles lithologically portions of the Upper Gondwanas, there is, 
as a general rule, a marked contrast between the Lower and Upper divisions of the 
system. Various portions of this great central tract of Gondwanas may now be 
briefly reviewed, commencing with the eastern margin ; the area sdiscussed are as 
follows ; 


1. Bisrampur 

2. Lakhanpur. 

3. Bans 

4. Vanchbhalni. 

5. Damhamunda. 

6. Sendurgar. 

7. Main Pat. 

8. Unimportant Outliers. 

9. Jhihnili. 


10. Ku^asia. 

11. Koreagarh. 

12. Bewah-Sarguja. 

13. Johilla. 

14. Umaria. 

15. Korar. 

16. HasdO'Behar traot. 

17. Singrauli. 
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Bimuiipsr,— Between the Tatapani and Eorba coalfields is the Bisrampuz 
field of central Sarguja, a large rectangular tract composed for by far the most 
part of Damuda rooks, about 24 miles across from east to west and 22 miles from 
nOTth to south, and over 400 square miles in area. On the north it is separated 
from the broad eastward tongue of Grondwanas which ends in the Tatapani coalfield 
by a long belt of Archaean gneiss and Dharwars. This northern boundary of the 
Bisrampur tract is an E.-W. fault throughout, the movement along the fault having 
brought up the Archaean against the Damuda sediments. Two small patches of 
Talchus, however, occur on the north side of this fault and interrupt the ad¬ 
jacency of the Damuda and Archaean outcrops. 

The most interesting feature of this field is the southern margin. This is com¬ 
posed of an E.-W. belt of Talchir rocks divided by a small transverse strip of ancient 
slates and quartzites (? Dharwars). The southern boundary of this Talchir belt is 
an B.-W. fault which brings up the Archaean, and in one section Damuda rocks ; 
its northern boundary, dividing it from the great square outcrop of Damudas 
is another fault which in direction is nearer W.N.W.-E.S.E. and therefore, not 
<iuite parallel to the more southerly fault. Over the middle of this belt of Talchirs 
lies a small patch of Upper Gondwanas (Mahadevas) which covers not only a 
small portion of the Talchir rocks across their whole width but also parts of both 
their northern and southern faulted boundaries; in other words, there are clear 
indications that faulting preceded the deposition of the Upper Gondwana sediments 
and that no recrudescence or repetition of the movement along these dislocations 
took place after the deposition of the younger beds. 

The eastern and western boundaries of the Bisrampur field are for the most part 
depositional. The strata on the whole are nearly horizontal; they are greatly 
concealed by alluvium, and sections are seen only in the beds of streams. 

The Talchirs, in addition to the two small patches outside the northern fault 
skirt a considerable portion of the eastern margin of the field, extending in places up 
the valleys between the ridges of Archaean rocks. To the west and south they are 
part of a large area outside the field. The original surface on which these beds 
were deposited around the Bisrampur field appears to have been even more irregular 
than usual, and in one instance a ridge of Archaean quartzite penetrates the field for 
six miles with Barakars abutting against it on both sides. The maximum thickness 
of the Talchirs present is about 200 feet. The boulder bed is well developed at the 
base and, as usual, occasionally contains boulders brought from a distance; the 
source of some of thejgranitic gneiss blocks was evidently not far away. 

The Damudas, which belong apparently to the Barakar stage, although occu¬ 
pying so large an area, are very flat-lying and therefore ill-seen, the rock most 
commonly exposed at the surface being a whitish grit or sandstone occasionally 
containing pebbles. Coal seams are found in several places, the same seam fre¬ 
quently cropping out in the neighbouring stream sections. None of them is known 
to be more than six feet thick, but some of the coal is of good quality. 

The so-called Mahadevas occur only in the south in the small patch already 
alluded to, which occupies a small range about six miles long and known as the 
Pilka hills. Though less ferruginous than elsewhere, they consist of the usual 
grits and pebble conglomerates which hard quartzose sandstones, and lie uncon- 
formably upon the older Gondwana formations. They contain no fossils and, 
although assigned tentatively to the Mahadevas, are said to be indistinguishable 
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lithologically from the Kamthi beds of the Hingir field in which fossils have beea 
found. 

One or two trap dykes have been recorded, but there is no Deccan Trap capping 
the Upper Gondwanas of the Pilka hills, although the Main Pat (3,600 feet) further 
outh has a summit made up of over 400 feet of the basaltic lavas of this suite. 

Lakhanpur.— The southernmost fault of the Bisrampur field, west of the Maha- 
deva outlier of the Pilka hills, brings the belt of Talehirs which forms the southern 
margin of this field against a small patch of Barakar rocks adjoining the important 
village of Lakhanpur. This Lakhanpur field is about nine miles long from north ta 
south f the southern as well as the northern boundary being a fault; the eastern 
boundary for the most part appears to be a normal one. No beds younger than the 
Barakars are found within the area, which is much covered by alluvium, the only 
rocks exposed, as a rule, being in the river sections which are numerous. The field 
is divided into two, an eastern or Lakhanpur section, and a western or Laingha 
portion, by the river Rehar (Arand) which flows northwards through it. The whole 
area has been computed to be about 135 square miles. 

Several seams of coal are exposed, the best being one in the Chandnai stream 
at Katkona, in the eastern section. This seam, which is cut by a fine dolerite dyke 
just south of the village, is feet thick where best seen, one half consisting 
of excellent coal, the other half being of somewhat poorer quality. In the western 
or Laingha section, several outcrops of coal have been noted, varying in quality 
from moderate to good. 

Trap dykes are common in the field. 

Bansar. —Five miles east of Ambikapur is a small area of ten square miles of 
Barakar rocks known as the Bansar coalfield ; it lies within the limits of Sarguja 
State. A strip of the coal measures stretches westwards through Chendra, as 
though to join the belt of Talehirs south of Ambikapur, which connects to the west 
with the Rehar (Arand) river field north of Lakhanpur.^ 

Panchbhaini. —The tiny coalfield of Panchbhaini, including about 4| square 
miles of Barakars, is situated in the Paharbula tappa of Sarguja. The Talehirs are 
exposed along the northern boundary, while the southern is a fault. Coal 
seams, about three feet thick and of good quality, have been recorded in two of the 
stream courses. 

Damhamunda.— The Damhamunda, also 4^ square miles, is another small 
area of Barakar rocks close to the left bank of the Anjan stream, a tributary 
of the Hasdo ; its thin coal seams are considered to be of no economical import¬ 
ance.^ 

Sendurgar.-— A more important area of Barakars, some 20 square miles in 
extent, lies to the west of the Hasdo river in Matin, in the district of Bilaspur, and 
northwest of the Eorba coalfield. Dr. Fox describes the coal measures of this 
field, which has been named after the village of Sendurgar, as occupying a strip of 
country about 8 miles long and 2^ miles wide; forming the watershed between the 
Bamniand Tenti streams.* Some coal seams have been proved to occurs 
and the quality of some of them would appear to justify further exploration. 

Main Pat.~-*Some of the fiat-topped hills in eastern Sarguja are capped by 
plateaux of sandstone,belonging perhaps to the Upper Oondwana division. In 

1 0. S. Fox. Mem. LIX, 218.217 (1934). 

* 0. S. Fox. Mem. LiX, 221 (1934). 

* JM. 221. 
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some instances, as on Main Pat, a high plateau north of Udaipur, this sandstone is 
covered hy basaltic trap of the Deccan trap suite which in its turn is capped by 
laterite. On Main Pat the sandstone is about 300 feet thick; to the north of the 
plateau it rests on Talchir beds, elsewhere on Archasan rocks with Talchirs appearing 
between here and there. The Talchirs north of the plateau extend in the form of a 
belt from two to four miles broad, for sixteen miles northwards to Bisrampur,where 
they dip under Barakars. Besides the outlier of Mahadeva sandstone resting on 
the Talchir belt of Bisrampur, another caps a hill of Archaan rocks close by. 

Unimportant Outliers# —Small unimportant patches of Talchir beds are 
scattered throughout many of the valleys of eastern Sarguja and neighbouring 
parts ; among them are the following : Murmuri; Bachrajkuar ; two miles east of 
Tulbul; Lakandih; northeast of Bhandar ; Jajgi Hill; Dhitori Hill; and Chibri. 

Jhilmili. —Along the southern margin of the great Rewah-Sohagpur basin of 
Gondwana beds which terminates eastwards in the Tatapani coalfield are several 
coal bearing fields to which individual names have been given for purposes of 
convenience. The Jhilmili area, which lies W.S.W. of Tatapani and due west of 
the northern portion of the Bisrampur field from which it is divided by an embay- 
ment of gneiss, possesses some individuality owing to its almost complete separa¬ 
tion from the main south Rewah and Sohagpur basin by a southwardly-throwing 
fault. With an area of about 35 square miles and an extreme length of 25 miles, 
this small tract of Barakar rocks lies to the south of the E.N.E-W.S.W. fault just 
mentioned, but the name, Jhilmili, has recently been extended to country north 
of the fault, including a narrow band of both Barakars and Talchirs which wind 
up the Mahan valley in the northeast. South of the fault, where they are cut 
off in the usual manner, the Barakars dip northwards. To the south is a great ex¬ 
panse of Talchirs with gneissic inliers, some of them of considerable size, the 
Barakars resting usually on Talchirs but occasionally on the gneiss. 

Perhaps the most interesting feature of the Talchirs of this field is the abun¬ 
dant occurrence amongst the boulders of the boulder bed, of masses of the charac¬ 
teristic compact Vindhyan sandstone or semi-quartzite. The nearest source of 
this rock is the Eaimur scarp beyond the Son river, 70 or 80 miles distant to the 
north. Similar rocks occur also to the south in Chhattisgarh and Sambalpur 
but the distance is even greater. As Medlicott and Blanford remark, it is improb¬ 
able that the boundry of the Yindhyan outcrop in this instance was very much 
nearer in Talchir days, because so large a portion of the intervening area is occupied 
by Gondwana formations, and these now We rest upon Yindhyan rocks within the 
topographical limits mentioned.^ 

Dr. Coulson has recognised four coal horizons in the Barakars of this field and 
some of the coal is of excellent quality, though no seam appears to be much more 
than six feet in thickness. 

Some trap dykes are met with in this field. 

To the north of the E.N.E.-W.S.W. fault, which appears to fade out west¬ 
wards, is an upthrow belt made up first of all by gneiss, Bijawar and Talchir beds 
followed further north by Barakars carrying outliers of Deccan Trap. This belt 
theRarakars of which are an integral part of the main Bewah-Sohagpur Barakar 
outcrop, is characterised by dolerite sills and dykes believed to be of Deccan Trap 
age and is cut off from the immense exposure of Upper Gondwana beds to the north 
by an E.-W. fault with a throw to the north. 

Ut Bdit., pt. X,p. 205 (1876). 
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|[ara$U.—To tbe W.3.W. of the Jhilmili field is another even better defined 
tract of Barakars, oompletelv isolated fi^xn the main exposure to the north by a 
broad belt of trap-covered Tajfchirs pierced here and there by ^neissio inliers. This 
Barakar area,, named after Eurasia, thf only village it carries, covers 48 square 
miles of hilly country. The Barakars lie almost horizontally on the TalcUrs, and 
some of the coal therein is of excellent quality. On the high ground in the 
eastern parts of the area are two tiny outliers of supra-Barakar Oondwana rocks. 

Koreagarh.—A few miles southeast of the Eurasia area is the still smaller field 
of Eoreagarh. Tiny as this basin is, it includes two little outliers of supra<Barakar 
rocks (? Mahadevas), one of them capping the hill which has given its name to the 
field. The six square miles of Barakars, which are entirely surrounded by Talchirs, 
the boundary being one of deposition, contain one or two thin seams of coal. A 
dyke of dolerite crosses the Barakars. 

Above the Damudas come beds which in general have been referred to the Upper 
Gondwana division, but it is not impossible that they include at their base horizons 
of Panchet age,such as the Farsora beds. The succession includes typical Mahadeva 
sandstone, pebbly, current-bedded, and containing thin bands of hard ferru: 
ginous shale of a brick-red or dark brown colour. This type of bed has been traced 
across the whole region, and it is mainly on the strength of this evidence that the 
Mahadevas of the type area in the Satpura hills have been correlated with their 
probable representatives in the Damodar valley. In south Rewah, as elsewhere, 
he Upper Gondwanas are probably unconformable to the underlying formations. 

The highest group of the Gondwanas present in this tract is the Jabalpur series 
and is known only to the westward in Sohagpur and southwest Rewah. It consists 
of a great thickness of coarse felspathic sandstone, forming, amongst other hills 
that on which stands the fort of Bandogarh, and resting upon lavender-grey and 
white shales; these beds are also well seen at Bansa, a few miles west of Bandogarh. 
With the shales, which have yielded abundantly the characteristic Jabalpur plant 
remains, there is associatedlocallyabandconsistingoffinelayersofjet. A common 
feature of the Jabalpur beds in this area is local induration, these sandstones attain¬ 
ing the texture of a quartzite, and the shales becoming porcellanic. 

Basalt dykes and sills of Deccan Trap age occur throughout south Rewah and 
Sohagpur, and some of the hills of sandstone in Sarguja are capped with the same 
trap. There is little doubt that the time limits between which faulting occurred in 
this and other Gondwana areas were very wide. In the Bisrampur neighbourhood, 
there is clear evidence that such dislocation preceded the deposition of the Upper 
Gondwsnas. In some oases there is reason to suppose that the accumulation of the 
Upper Gondwana sediments was accompanied by contemporaneous faulting ; the 
association of intrusions of Deccan Trap with lines of disturbance supports the view 
that the faulting in these cases preceded or accompanied the trap intrusions. In a 
few instances, especially where the fault-lines are characterised by hot springs, 
dislocation empealrs to have taken place later—perhaps considerably later—than 
the Decoau Trap period. 

The maiaarea of the coal-bearing rocks of south Rewah, with au erersge width 

about 26 miles and covering some 1,600 square miles, was originally {^en the 
mme of the Sohagpur ooalfieid, but this tract has since been split up intb thil||||M 
more convenient units—the Sohagpur field proper (1,200 sq. miles), the Aagr^^ 
kband field (61 sq. miles) and the Sanhat field (330 sq. mfies). Along thARorth 
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west and south of the Sohagpur area, the Barakars are covered by the so called 
supra-Barakars which have not yet been clearly separated from the Barakars but 
which include beds with fossil plants indicating a Baniganj age in spite of their 
lithological resemblances to upper Qondwana strata ; an outlier of these supra- 
Barakars occurs on Mahora Hill below a capping of Deccan Trap basalt, originally 
part of sill. These beds form what is known locally as the Pali or Pali-Daigaon 
stage. Southwards and rastwaeds the coal measures are seen to overlie the Talchirs 
whice in turn rest on Archsaan rocks. In the more southerly part of this area, 
south of Bamhani, is a small inlier of Talchirs brought up by and on the south side 
of a short fault. The area as a whole is characterised by the presence of large 
sills and dykes of dolerite which, although very irregulor in outcrop, have an 
approximate E.-W. trend. 

The SohagpUr field, in its restricted sense, embraces the northern and western 
parts of the Lower Qondwana outcrop. Several outcrops of coal have been recorded 
in this large field in spite of the flatness of beds. The main seam in some places 
swells to 27 feet. For a short distance in the southwest, the coal measures are 
discordantly overlain by Lametas which lie below the basaltic flows of the Deccan 
Trap. 

The southtastorn portion of the main area of coal-bearing rocks is known as the 
Jhagrakhand coalfield. To the east and south, theTalchirs make their appearances 
from beneath the coal measures, the general dip being northwestward at low angles. 
Three coal horizons are known to occur, the lowest comprising two seams of excellent 
quality; none of the seams known is over feet thick.’ No supra-Barakar rock 
have been recognised in this area, accross parts of which extend several impor¬ 
tant dolerite dykes. 

The eastern portion of the main coal-measure outcrop is the Sanhat field which 
lies in Korea State, and is joined to the Jhilmili basin on the E. S. E. by a narrow 
connecting bridge of Barakars. The Barakar rocks, of which the field consists, 
are followed to the north by the m^in outcrop of what are believed to be Upper 
Gondwanas. Along the southern margin is the large expense of Talchirs appearing 
from beneath the coal m3asures and diversified with inliers of Archaean gneiss, 
and E.-W. dykes of trap ; in this expanse of Talchirs occur the small isolated coal¬ 
fields of Kurasia and Koreagarh. The eastern and southern margins of the Barakars 
are traversed by a belt of dolerite intrusions of the Deccan Trap. Three coal 
horizontsl have been recognised in the Barakar beds but the seams are not thick and 
most of the coal has a somewhat high ash percentage. 

JohllU.—A few miles we^t of the miin tract of Barakars in Sohagpur and 
separated therefrom by a short expanse of Upper Gondwanas is a small area of 
gueiss and Lower Gondwanas on the Johilla river, a tributary of the Son, in the 
neighbourhood of Pali. A thickness of about 3,000 feet of Talchir and Barakar 
beds is exposed in two areas separated from each other by the inlier of gneiss. 
There are thus two sm 3 .ll coalfields, one on the northern and the other on the south¬ 
eastern side of the gueiss. North of the gneiss is belt of Talchir followed by 
about 114 square miles of Barakars with at least two uable coal seams, one of 
them 17 feet thick; these beds are overlain in the.^ turn by the Pali-Daigaon beds 
of Baniganj age which are followed by the so called Mahadevas. All these beds 
show a gentle and more or less steady dip towards the north. Plant fossils found 
below one of the seams in the Johilla river include two species of Oangamopt^is 
which suggest a Karharbari age. Allowing for a 25-percent loss inworl&g 


^0. S.Foz Mtm .UX 206(1934). 
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Dr. Fox estimates the reserves within a depth of 500 feet in this northern section 
to be 30 million tons. 

In the tiny southeastern area, the Talchirs are again seen lying upon the south 
eastern flank of the gneissic inlier, and followed by some 3| square miles of Bara- 
kars. The dip is in general eastwards, and the Baniganj beds which follow the 
Barakars evidently overlap the latter on to the Talchirs, and appear to be faulted 
against the gneiss along a short N.E.>S.W. boundary. No promising coal seams 
have so far been detected in this area. 

Uinaria. —Northwest of the Johilla river fields is another but larger inlying strip 
of gneiss, extending roughly N.E.-S. W., and carrying on its northeastern end two 
small separate coalfields, the Umaria field to the south and the Eorar field to tho 
north. The Umaria field lies in an angular embaymcnt of the gneissic outcrop 
caused by a N.E.-S.W. fault, and is separated from one tongue of the gneiss by this 
fault. Talchirs occur to the southwest of the coal-bearing rocks and in this direction 
lie upon the gneiss. The next younger beds are the marine Lower Permian 
(“Permo-Carboniferous”), found lying with a slight break upon the Talchirs in the 
railway cutting west of Umaria station. These are succeeded with no apparent 
unconformity by the coal-bearing Barakars and appear to correspond more or less 
to the Karharbari beds of Giridih. The coal-bearing rocks are covered by the 
supra-Barakars which are possibly of Eaniganj age, and these by the Upper 
Oondwana deposits. Mr. K. P. Sinor states that there are six coal scams, four 
of which are workable.^ 

Korar. —The Korar field is found on the northeastern end of the tongue of 
gneiss mentioned in the preceding paragraph and lies to the north of the Umaria 
exposures. As in the latter, the gneiss is overlain to the northeast by a belt of 
Talchir sediments, and these are followed in the same direction by Barakars and the 
latter possibly by Raniganj beds; Upper Gondwanas complete the sequence*. A 
thin fringe of the Talchirs also extends down the northwestern margin of the gneiss 
for about six miles, and there is a small inlier within the coal-measure outcrop. The 
southeastern boundary of this field is a continuation of the same fault which foims 
the northwestern boundary of the Umaria field. Half-a-dozen outcrops of coal and 
carbonaceous shale have been reported to occur in this area. A large sheet of 
trap extends nearly the entire length of the field.* 

Hasdo-Rehar Tract. —To the north, the Korba field is incompletely separated 
by a large inlier of gneiss from an extensive tract of coal measures stretching from 
the upper waters of the Behar (Arand) in the Main Pat area of Sarguja westwards 
beyond the Hasdo to the neighbourhood of Eorbi in the Matin zamindari of north 
Biiaspur. From the Ghitai stream in Paharbula (Sarguja) to Eendai in the Uprora 
tamindari of Biiaspur it is some 15 miles across. The Damudas of the eastern part 
of this tract are continuous with those of the Eorba-Dhaimjaygarh area beneath 
the exposure of Upper Gondwanas. In the opinion of Dr. Fox, the coal measures 
of this tract must cover nearly 400 square miles in the tofpas of Bampur and 
Paharbula in Sarguja State and in the adjoining zamindari of Uprora and Matin in 
the district of Biiaspur. The Sendurgarh coalfield lies beyond the western or 
Metin end of the field* and the outliers of Damhamunda and Panchdhaini are 
situated between it and the Lakhanpur coalfield to the north. Northwest of the 
tract is the large expanse of Talchir beds which skirts the southern border of the 

. . ^ EesouroeeofBewa State’’, p. 23 (1S!23). 

* T. W. H. Hughes, Jfem. XXJ, pt. 3,26 (1886 r^rint (1923). 
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Sohagpur-Korea coal-me&sure exposure. A tongue of these rocks also separates 
the Barakar outcrop of the Matin or western end of the tract under review from that 
of the Korba field. Throughout the area many coal outcrops have been noted: 
none of the seams is of any considerable thickness but some of the coal appears 
to be of good quality. 

Singrauli Coalfield.—On the northern margin of the Sohagpur-Rewah tract 
is the Singrauli area, which stretches from the western borders of the Mirzapur 
district through the Singrauli ilaqa of eastern Rewah to the Gopat river and beyond; 
the coal-befString Damudas here cover an area of about 900 square miles, and consist 
predominantly of coarse felspathic sandstones, shales being less abundant. These 
beds belong apparently to the Barakar stage, and in one place include a conglo¬ 
merate containing rolled pebbles derived from the Talchirs. The rocks all dip at 
low angles, or are nearly horizontal,. Several coal seams have been noted by 
Mr. K. P. Sinor, the most important being those near Naunagar, Koelkat, Amlei 
and Ujehni; other known areas are Kota and Parari (?Pudri). Although the seams, 
as a rale, are thin, that near Naunagar is upwards of 18 feet in thickness and of good 
quality in parts ; the six-foot Parari seam is also promising.’ Further west, on the 
Goprit river, there is a great thickness of coarse felspathic sandstone with 
occasional flaggy beds, shales and seams of inferior coal; associated with a 
sandstone below these beds at Keryli, however, is a seam five or six feet 
thick, which is said to be of excellent quality. It has been suggested that the 
uppermost beds of the Gopat river section may represent the Raniganj stage. A 
little to the west of the Gopat, the Lowest Gondwanas are covered by the beds of 
the Upper division. 

VI.—SATPURA REGION. 

The Gondwana rocks of the Satpura region occupy the hilly country of southern 
Hoshangabad, northern Chhindwara and northeast Betul, lying to the south of the 
Narbada plains. Prom the most westerly end of the Sohagpur region of Lower 
Gondwanas, which is the Umaria coalfied, the nearest point of the main Satpura 
outcrop of these rocks is over 140 miles distant in a W. S. W. direction. The 
Satpura tract of coal-bearing rocks is flanked on the north by a broad belt of Upper 
Gondwana strata, which extends much further to the E.N.E. than thn Low^er 
division rocks, tapering out along the northern slopes of the Mahadeo hills through 
southern Narsinghpur where it comes to an end ; there are, however, narrow strips 
and smill outlying patches of these rocks in Jubbulpore which form links with the 
Upper Gondwanas of Sohagpur. The area between the two regions of Gondwana 
rocks is covered by the basaltic lava flows of the Deccan Trap which evidently at 
one time extended much further to the east over a large portion of the Sohagpur 
Rewah area. Along the northern edge of the Upper Gondwana outcrop of the 
Satpura region are several small isolated basins of Lower Gondwana beds, all 
save one consisting only of Talchir rocks. 

Though probably occupying basin-shaped depressions in the Archaean, the 
Gondwana formations of the Satpura hills form part of a vast inlier exposed by 
denudation in the bedded volcanic rocks of the Deccan Trap. East of Hoshan¬ 
gabad Gondwana rocks are nowhere known north of a line drawn along the north¬ 
ern base of the hill range ; further west, however, a few representatives of the 
highest Gondwana group of the area have been noted north of the Narbada 
though still in the valley of this river. 

lAfem. LI^, 181 (1931). 
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The strip of Gondwanas adjoining the town of Jubbnlpote is comj^sed entirely 
of rooks of the Upper division and extends for some twenty five milesi with one 
interruption near Lameta Qhat, along the edge of the traps which cover all the 
country to the southward. This outcrop^ however, is obviously continuous E.N.E.- 
wards beneath alluvial deposits and the Deccan Trap with the Gondwanas of 
Sohagpur. The beds exposed consist chiefly of the usual lavender-giey and white 
clays, and earthy sandstones which are generally soft but occasionally much indu¬ 
rated. They appear to rest in places on the Archesan^ but elsewhere to be faulted 
against them. Some coal is found in the Jabalpur series at Lameta Ghat on the 
Narbada; the seam is irregular and of small thickness, and the coal is jet-like. Coal 
has also been found in a well in Jubbulpore itself and in several eixposures along 
the Mahanadi to the northeast of the town, in the Sihora tahsih 

The Upper Gondwana tract east and southeast of Narsingbpur is scmevhat 
broader than that near Jubbulpore since it extends in seme places for five or six 
miles up the valleys of the Umar, Sher and other rivers, which cut deep gorges 
out of the overlying volcanic rocks. The beds exposed consist of conglomerates at 
the base, succeeded by soft shales, some of them carbonaceous and containing jet¬ 
like coal in bands which are in places nearly two feet in thickness but generally 
much thinner. Seams have been noted*near Sihora on the Sher river as well as 
at the junction of the Sakkur and Hard rivers. Besting on the shales are coarse 
sandstones and grits, which are probably the equivalents of the sandstone 
beds of Bandogarh in Rewah. 

Disregarding one or two short interruptions, the length of the Satpura tract 
proper, from the eastern limit of the Narsinghpur district westwards to a point 
due south of Seoni Malwa, is just under 140 miles, while its average breadth is 
about 40 miles from north to south. The area of Gondwana rocks actually exposed 
is less than 2,000 square miles. The southeastern portion of the region is drained 
by the Kanhan and Bench, tributaries of the Wainganga which joins the Godavari; 
the remaining and major portion belongs to the Narbada drainage. 

As in the Rewah region, there is a prevalent dip of the rocks of the Satpura 
Gondwanas towards the north, the lowest beds being exposed chiefly near the south, 
ern boundry. On the east the tract is overlain by Deccan Trap, on the west by 
Deccan Trap and the Narbada alluvium. 

According to Dr. Fox, the northern boundary of the Satpura Gondwanas is 
characterised by three lines of parallel faults, the newest extending in the Narbada 
plains along the base of the hills with a downthrow to the north. The oldest fault 
comes next and lies a short distance further south, within the hills ; it has a down¬ 
throw to the south and appears to have been the northerly limit of the Lower 
Gondwanas. Between these two faults the Archaoan rocks often show as inliers. 
The third and most southerly fault, with a down throw to the south, is seen south 
of Mohpani and is thought to have been largely contemporaneous with the depo¬ 
sition of the Upper Gondwana sediments. Between this Wit and the middle one, 
the Taichirs and Barakars appear in places, but Upper Gondwana strata have been 
deporited across both lines of the two older and inner faults. These Upper Gond¬ 
wanas, as well as the Deccan Trap lavas, extend out under the alluvium of the 
Narbada and have been dropped by the latest and outermost fault.i It is clear, 
therefore, that dislocation along the two inner and more southerly faults took 
place before the Upper Gondwana period. 


. iJfem.ULY, 244-245 (1034). 
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The southern boundary in the Ohhindwara district is faulted. In the ItetuI area 
further west it is irregular, possibly as a result of excessive erosion in the Tawa 
valley. The faulting in the south shows no evidence of haying taken place at 
different times, though it may have done so along the same plane of dislocation. 
The latest displacements, in any case, have affected the Deccan Trap. 

The northern portion of the region consists chiefly of great sandstone plateaux, 
built up of the subdivisions of the Mahadeva series. East and west, these plateaux 
terminate to the northward in scarps from 800 to 1,000 feet high, overlooking the 
alluvial plain of the Narbada. The central portion of the region is composed of the 
Mahadeo or Pachmarhi hills, rising to as elevation of 4,380 feet above sea-level, 
and consisting of the typical Mahadeva (Pachmarhi) sandstone. The southern 
portion is less hilly, being made up of Lower Gondwana rocks. The latter, never¬ 
theless, appear at a considerable altitude to the southeast at the top of the watershed 
between the Narbada and Godavari drainage, as well as in the high upper valleys 
of the Pench and Kanhan ; to the west, they occupy the much lower ground of the 
upper Tawa valley. 

The following are the groups exposed in the Satpura region: 

Jabalpur series: 

fBagra stage; 

Mahadeva series Demva stage; 

(^Pachmarhi stage. 

Damuda series fBijori stage; 

Motur stage; 

Talchir series. ^Barakar stage. 

Very little reliable informition is available regarding the thicknesses of the 
groups, some of which swell rapidly from a minimum figure to a maximum many 
times greater. Any estimate is made still more difficult by strike faulting. The 
Talchir series is said to be 1,000 feet thick, and a doubtful figure of 500 feet has been 
suggested for the Barakar. The Motur stage may be between 3,900 and 5,700 
feet soutliwest of Pachmarhi, and a thickness of 6,000 feet has been suggested as a 
maximum, while the Bijori, which is only 600-800 feet thick to the southwest of 
Pachmarhi, may rise elsewliere to a maximum of between 3,000 and 4,000 feet. 
At a rough estimate, and assuming a uniform dip of five or six degrees, the total 
thickness of the Lower Gondwanas immediately south of the Pachmarhi plateau 
must be at least 8,000 feet. The thickness of the Mahadeva series was formerly ass¬ 
essed at 10,000 feet, but the maximum figure is probably nearer 3,000 feet, the 
beds in places dwindling to 500 feet. As already explained, the so-called stages 
are little more than facietal variations. A thickness of 1,000 feet has been sugg¬ 
ested for the Jabalpur series. 

The Talchir beds, consisting of the usual sandstones and clays, with boulders, 
occur continuously along the southern boundary of the tract. In some places, as 
at the head of the Tawa valley, south of Motur, they are very thick and are parti¬ 
cularly well exposed on the hill-sides. They are also found in several places along 
the northern boundary, always greatly disturbed and often faulted. In this 
position they are seen in the following places, from east to west: Nibhora, west 
of the Hard river, where the Bagra conglomerates rest upon them, Mohpani, on the 
Si tariva, where they are associated with Barakars ; in the gorge of the Anjan as its 
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junotion with the Pathapani, above Fatehpur (two separate small inliers in the 
Denwa beds); a minute imier, south and a little east of Pindrai; three comparatively 
large outcrops, southeast, south and southwest of Piparia Railway Station, the 
middle one traversed by the Piparia -Pachmarhi road, all overlain by Denwa beds or 
trap intrusions. Except at Mohpani, the overlying sedimentary rocks in all cases 
belong to high Mahadeva horizons, and are of course quite unconformable; in the 
three larger outcrops south of Piparia, the junction between the Talchirs and 
Denwas has been for the most part intruded by sills of the Deccan Trap. The 
western half of the northern boundary appears to be devoid of these Talchir 
exposures. The Talchirs of this region are generally unfossiliferous, but in the 
Betul area plant remains have been found in beds assigned to the Talchir series. 
Dykes of the Deccan traps are numerous in the Talchirs, and there are two or 
three inliers of Archsean. 

The Barakar is the only group in which useful coal has hitherto been found. 
Its sediments are characterised almost everywhere by poorly preserved plant 
remains, chiefly impressions of leaves or of Vertahraria, Like the Talchir, this 
group is chiefly exposed near the snuthern boundary. In the west, it occupies a 
considerable area in the upper Tawa valley in northern Betul, where the plane of 
division between the Talchirs and Barakars is less marked than usual and there is an 
apparent passage from one into the other. Towards the east, the Barakars are 
well exposed in the Kanhan and Pench valleys of central Chhindwara. There is 
little doubt that these beds are continuous northwards with the Barakars of Mohpani 
beneath all the younger strata which lie upon them, but, as Dr. Fox remarks, by far 
the larger part of these concealed Barakars must be buried so deeply as to be beyond 
the reach of exploitation. In the extreme southweastern portion of the Satpura 
region (Sonada coalfield) as well as in the Mohpani area, certain horizons of the coal 
measures containing Omgamopteris cyclopteroides are thought by some to represent 
the Earharbari ** stage ”. 

The Barakar stage presents the usual appearance and consists of brown and grey 
felspathic sandstones, flaggy beds, shale and coal. In the Sonada area exposures 
of poor coal are to be seen, but no workable seams have so far been proved: in this 
small tract thin coaly layers occur in typical Talchir rocks with leaf impressions 
characteristic of the topmost Talchirs in certain parts of the Earanpura coalfield. 
The beds here dip northwards at about eight degrees. Further to the east, the Bara¬ 
kars north of Shahpur dip northwards towards the Tawa river, where they appear 
to be cut off by a northward-throwing fault; to the south also these beds are said to 
be separated from the Talchirs by an E.-W. fault. Coal seams were actually wor¬ 
ked for a short time in this part of the area, but they are thin and have probably 
been affected by dolerite dykes. From this tract of Barakars another to the east of 
Shahpur has been shifted laterally by a N.E.-S.W. fault; it also contains coal 
seams of doubtful value. Southwest of the latter tract is tiny area of Barakars 
crossed by the Tawa at Dulhara and covering about square miles; it is largely 
bounded by faults and is known to contain a few coal seams. Connected with this 
small field by a narrow strip of Barakars is broad but irregular tract of the same 
rocks, traversed twice by the Tawa river and spoken of as the Tawa field. Seams of 
coal have been recorded, the most promising being those at the southwestern end, 
where, however, the field is traversed by several dolerite dykes and the strata 
are disturbed along their eastern margins; southwards, the beds are said to be 
faulted against the Talchirs and the gneiss. Further to the east is the Eanhan 
coalfield connected with the Tawa field by a thin bridge of Barakars. In the 
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Eanlian area the Barakars trend due E.-W.^ dipping gently to the northward and 
having an outcrop averaging over a mile in width; to the south they are faulted 
against the Talchirs and are themselves traversed by at least two strike faults. 
The whole tract is sliced by parallel faults, but three or four seams of coal of work¬ 
able thickness are present, and the topmost seam appears to be both thick and 
of good quality; some of the coal is probably of coking propensity. Southeast of 
Jamai, the Eanhan field ends and the Hingladevi field begins. Here the Barakar 
sandstones are in force along the ridge which extends east and west through the 
village of Eamkunda; the western half of the Barakar outcrop is faulted against 
the Talchirs to the south, while the eastern half is faulted along another line against 
an outlier of Deccan Trap. A fault trendingg E.-W. follows also the north side of 
the ridge bringing in the Motur beds; this boundary is also complicated by an 
oblique dolerite dyke. 

East of, in a line with, and almost adjoining the Hingladevi field, are the Bench 
Valley coalfields, situated northwest of Chhindwara in the drainage of the Bench 
river. A continuous strip of Barakars trends eastwards fromBarkui to the Bench 
river near Setia, while there are several disconnected inliers beneath the Deccan 
Trap further east and one inlier to the south. On the south side of the main 
Barakar outcrop a small tract of Talchirs, including the boulder bed, is exposed and 
is overlain with no discordance by the younger formation. The thickness of the 
latter here is estimated to be between 350 and 400 feet, and leaf impressions of 
typical Damuda plants are frequently to be found therein. Several seams of coal 
are known, and four of them may prove to be workable. The best seam, which is 
in process of being exploited, occurs some 120 -150 feet below the base of the 
Motur beds, and varies from 5 to 12 feet in thickness. The largest inlier is that of 
Sirgora, beneath the Deccan Trap but separated therefrom by a thick bed of Infra- 
trappean conglomerates. 

There is only one locality along the northern boundary of the Satpura tract in 
which the Barakars make their appearance; this is the Mohpani coalfield on the 
Sitarewa river, where the beds are much disturbed and tilted. The area is faulted 
and has the general structure of an anticline with an axis pitching eastwards, since 
the Barakar outcrop can be followed from north to south round a core of Talchirs 
just east of the river. Northwards, in the neighbourhood of the Sitarewa the 
Barakars are succeeded by a narrow outcrop of the Mahadevas in which at least 
one dolerite dyke can be seen following the strike of the beds. The dip of the 
Talchirs, Barakars and Mahadevas in this northern limb is almost vertical. Beyond 
the strip of Mahadevas to the north is the Narbada alluvium. Eastwards this 
Mahadeva strip tails out beneath the alluvium, the latter overlapping on to the 
Barakars, a long strip-like prolongation of which branches off eastwards from the 
main exposure for a mile or more along the edge of the alluvium. Along the north¬ 
ern limb of the anticline all the Gondwana rocks are excessively crushed and 
probably close to the northern limits of the Satpura tract as a whole. No older rocks 
than the Talchirs are seen in this area, but both to the east and west Bijawar rocks 
come to the surface along the edge of the alluvium. Several borings put down in 
the alluvium to the north reached depths up to 500 feet without attaining any 
country rock. 

In the southern limb of the anticline, the dip is lower but still somewhat steep 
(up to 22^ in the Barakars), and there is much less crushing. The Barakars appear 
to follow the Talchirs conformably, and are reminiscent of the Earharbari stage. 
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Coal, some of it of excellent quality, was worked for many years in tke Mokpanl 
area and more recently at Gotitoria, two miles f^her west, but the collieries 
were dismentled in 1927 ; in the former area four seams were proved, one of them 
18 feet and another 14 feet in thickness. Coal mining has been restricted to the 
southern limb of the anticline where the beds are inclined. Irregular faulting, 
however, has broken up the Barakars into blocks. To the south and east the 
Barakars are overlain by the Bagra conglomerates with a great time-break if not 
with an angular unconformity; south of the old colliery the Barakars are said to be 
faulted against the Bagras. 

In contrast to the northern parts of the Satpura tract, the coal-bearing Bara- 
kars of the coalfields in the south -Shahpur, Tawa, Kanhan, Pench Valley and 
others—are succeeded without discordance, except in the Pench valley where a 
slight unconformity can be detected, by the beds of the Motur stage which, although 
resembling the Panchets lithologically, are referred to the middle Damudas from the 
evidence of extremely scanty fossils. The village of Motur, after which the stage 
has been named, stands actually upon the edge of a tongue of Deccan Trap which 
stretches westwards over the upper Pench valley. The Bijoris, which follow the 
Moturs, have a more Damuda-like facies and are referred to the upper or Baniganj 
stage of that series ; thin seams of poor coal and carbonaceous shales have been 
observed in them. Outcrops of this stage extend northwards up to the cliffs of the 
Pachmarhi hills, though one or two small faulted inliers are recorded on the north 
side of the range. The Bijoris are well exposed in the upper Denwa valley. The 
Moturs and Bijoris occupy a large area, some 50 miles in length and 20 miles in 
maximum breath, covering the extensive flats and hills drained by the Tawa and 
its tributaries, including the Denwa, south of the Pachmarhi range. 

The inter-relationships of the three Mahadeva subdivisions have already been 
discussed (page 967). The thick, massive and nearly horizontal sandstones and 
grits of the Pachmarhi group are well seen along the scarp forming the southern 
face of the Pachmarhi range, uncomformably overlying the Bijoris. The Pachmarhi 
outcrop has been traced for some sixty miles from east to west. Where widest, 
it is 12 miles across, but this is due to the fact that the group here attains a maximum 
thickness and gradually thins out both to the east and to the west. How far 
this thinning-out is due to replacement by beds having the lithological characters 
of the middle Mahadeva group, and to what extent it is the result of a difference 
in the amount of sediment deposited in neighbouring areas, is less clear; to the 
eastward the former certainly appears to be the more likely explanation, for in 
this direction the Pachmarhi facies entirely disappears and is apparently replaced 
by Denwa sediments. 

The Denwa group appears to be in many respects a repetition at a much higher 
horizon of the coditions which prevailed during the deposition of the Motur sedi¬ 
ments. It is chiefly developed north of the Pachmarhi hills; to the west it is 
overlapped, but it can be traced for a long distance to the east, though its appear¬ 
ance here is less typical than it is in the Denwa valley. 

The Bagra group, an essentially conglomeratic one, can be recognised through¬ 
out the greater part of the northern margin of the Satpura tract. Small patches 
of it can be recognised as far east as the country due south of Narshinghpur. 

The Jabalpur group is developed chiefly in the northeastern portion of the 
Satpura tract. It forms nearly the whole of the sandstone area north of the tongue 
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of Deccan Trap and east of the watershed between the Dudhi and Sitarewa rivers. 
A tiny outlier caps a hill, six or seven miles west of the Dudhi, and further w^t- 
wards, four or five equally small outliers are seen at various places between this 
and the Hoshangabad -Itarsi railway line and road, lying on the Bagra beds along 
or near the northern edge of the Qondwana tract. A few miles west of the railway 
line and road are two more outliers, one of which occupies a small stream course 
below the Khatama caves and is characterised by some layers of coal. On the 
other side of the Hather stream is a much larger exposure of the Jabalpur, situated 
to the southeast of Seoni Malwa, traversed by the Moran river and largely covered 
by Deccan Trap; here also coal seams occur, in the river near Lokartalai at the 
extreme western point of the Satpura Gondwana tract. 

•Trap dykes abound throughout the whole Satpura area, many of them being of 
large size. In many places the intrusions have spread horizontally between the 
beds to form irregular sills ; this is chiefly the case amongst the beds of the Upper 
Gondwana division, and especially in the Jabalpur series. The large mass of 
dolerite, for example, at Gotitoria Hill in the Mohpani coalfield is believed to be 
a laccolite exposed by denudation. 


VII.—NARBADA WEST OF HOSHANGABAD. 

For some distance west of Lokartalai, where the Gondwana rocks of the hatpiira 
tract disappear beneath the Deccan traps, there is, along the southern edge of the 
Narbada valley at the base of the hilL, a line of disturbance in southwestward 
continuation of that seen along the northern boundary of the Satpura tract. Along 
this line of fracture, the volcanic beds are turned up sharply and dip to the south. 
From beneath them, here and there, small outcrops of sandstones appear, belonging 
by their characters evidently to the Bagra group of the Mahadevas. ^ The best 
exposure is in the Ganjal stream, six or seven miles west of Lokartalai. fcandstones 
can be traced at intervals for another four miles and visible evidence of the line or 
disturbance continues for twenty -five miles. About 30-35 miles from Lokartalai, 
close to Hindia on the Narbada, arc the coarse conglomerates which near Barwai, 
fifty miles further on, are found beneath the Cretaceous oyster beds of the Bc.gh 
series ; these conglomerates and the Nimar Sandstone of the lower Narbada valley 
have much in common with Upper Gondwana sediments, and there are no strong 
reasons for not regarding them as such ; they will be described under the heading 
of the Bagh Beds (Cretaceous), and are referred to again at the end of tliis 
chapter. 

VIII.—UPPER TAPTI REGION. 

South of the Gondwanas of the Satpura region is a belt of Archaean gneiss 
and Dharwar rocks which, like the aforesaid Gondwana tract, has been exposed 
by the denudation of the overlying Deccan Trap. This short belt of the ancient 
floor-rocks of the Gondwana sediments is girdled on the west, south and east by the 
outcrop of the Deccan Trap except where the river Kaiihan has cut down through 
the traps to the gneisses below in the southeastern corner. The western margin 
of this Archaean tract, however, is not everywhere in contact with the overlying 
trap but is, throughout most of this portion of its boundary, separated therefrom 
by a narrow tortuous fringe of sediments which have been assigned doubtfully 
to the Lower Gondwana. This fringe of sediments, situated to the west and north¬ 
west of the town of Betul, at an elevation of 1,500-2,000 feet above the sea, on 
the plateau which forms the watershed of the Satpura range, lies on the head¬ 
waters of the Tapti entirely outside the Narbada valley. How far these sediments 
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stretch under the Trap westwards and wether they were ever continuous with 
the coalfields that trend from Shahpur to the Fench valley along the southern 
margin of the Satpura tract, is not known. 

The beds, which comprise a conglomerate, sometimes cherty, and occasional 
sandstones and clays, very greatly in thickness; throughout a considerable distance 
they appear not to exceed 100 feet, and are often thinner. The conglomerate is 
described as exactly similar to one met with in the Dhar Forest and referred to 
the Lameta6\ while the soft argillaceous sandstones, with harder bands, and 
occasional red shales or clays, seen near the villages of Alampur, Khettapani and 
Khamapur, show considerable resemblances to some of the Mahadeva rocks. One 
portion of the rooks in question is horizontal, while another is inclined, some¬ 
times at steep angles apparently as the result of faulting. In spite of certain 
differences, Mr. H. Walker regards the two portions as of the same age, and is 
inclined to refer all the sediments to the Talchir teries.* No fossils have been 
found in the beds. 

IX.-GODAVARI REGION. 

The name, Godavari, is restricted above Sironcha to the southern affluent of the 
river, but the nothern branch known as the Pranhita and formed by the union 
of the Fenganga, Wardha and Wainganga, is equal in size to the main stream. 
The great Godavari belt of Gondwana rocks covers an area probably greater than 
that observed in the drainage of any other Indian river. It extends from a point 
fourty miles south of the town of Nagpur, through the plains of the Pranhita and 
the Godavari, to the coast alluvium in the neighbourhood of Ellore and Bajah- 
mundry, but some additional detached outcrops northwest and west of Nagpur 
are probably integral parts of the belt. 

Under this heading will be considered the following: 

1. Inliers near Ellichpur; 

2. Inliers west and northwest of Nagpur ; 

3. Kamthiarea; 

4. Bandar coalfield; 

6. Outliers near Khair and Arjuna, south of Wun; 

r (a) Wardha coalfield; 

I {b) Central portion of the Godavari valley, including 

6. Wardha-Franhita- Godavari^/ the outliers northeast and east of Pakhal 

basin. Tank, and the Singarni coalfield; 

(c) Southeast portion of the Godavari valley, to the 
neighbourhood of Ellore and Bajahmundry. 

Inliers near Ellichpur. —Along the southern scarp of the great spur which, 
branching off from the Satpura range near Betul and extending from east to west 
between the valley of the Tapti and that of its large affluent, the Purna, is 
known by the name of the Gawilgarh hills, there are exposed beneath the 
Deccan Trap lavas and Infra -trappean beds along the northern or upthrow side 
of a well known E.N.E.-W.S.W. fault certain sediments assigned tentatively to 
the Kamthi (? Mahadeva). These inliers, which lie but thirty miles south 
of the doubtful conglomerates, sandstones and clays in the Tapti valley west of 
Betul, extend for a considerable distance—in one case for several miles—along 
the foot of the Gawilgarh scarp. The most westerly of these inliers occurs about 
eight miles north of Ellichpur, and continues east and west for a distance of 

1 W. T. Blandford. Mem. VI. pt. 3, 53 (1869). 

• Ge». XLVII, 37 (1916). 
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1 ^ ot seven miles. For sixteen miles to the east, no sedimentary rock is seen 
in situ, though at ope spot, three miles west of Narha, the occurrence of some 
blocks of sandstone may indicate the presence of a small outcrop. At Narha, 
about 22 miles east ofEllichpur, the sandstones reappear north of the fault 
and extend for fifteen miles; they, then, disappear again, but two small inliers, 
each about a mile long, occur at short intervals just beyond. 

In these inliers infra-trappean Lameta beds occur immediately beneath the 
basaltic traps, and are succeeded in descending order by about 500 feet of strata 
comprising felspathic sandstones, white and brown conglomeratic beds, occasional 
ferr^inous beds, and thin layers of white and purple shale; no distinguishable 
fossils have been found in them. No beds of Barakar or Talchir age have been 
detected, and the base of the sedimentary succession is not seen, whilst an attempt 
to discover coal by boring proved unsuccessful. Archaean rocks appear in one 
place along the southern edge of the sandstone, and have apparently been brought 
up between two faults which throw in opposite directions and which meet each 
other at both ends.^ 

Inliers near Narkher and Kalmeshwar in Nagpur.—A few miles 
east of Narkher, thirty miles northwest of the town of Nagpur, and 
near the villages of Chorkheri and Kutkheri, are two small inliers of Kamthi 
undstone exposed beneath the Deccan Trap and very close to each other. A 
but larger inlier of the same beds laid bare in the same way occurs near the 
village of Bazargaon, a few miles W. S.W. of Kalmeshwar and about twenty miles 
weat of Nagpur. The only rocks found are coarse, gritty, felspathic sandstones, 
and occasional bands of hard compact shale, red or yellow in colour ; in the Bazar¬ 
gaon inlier some of the sandstones are conglomeratic. Fossil plants found near 
Bazargaon prove the beds to be the equivalents of the Baniganj, Bijori or Kamthi 
formations. No trace of Barakar rocks has been detected in any of these inliers, 
and borings put down at Bazargaon failed to find any coal. The existence of 
these inliers indicates that similar beds in all probability underlie the traps in this 
part of the country over a considerable area. 

Kamthi area.—A few miles north of the town of Nagpur, there appears at 
the edge of the Trap area a small exposure of Gondwana rocks which extends from 
the vicinity of Kamthi Cantonment for some 25 miles northwestwards as far as 
the small town of Kelod; the greatest breadth of the exposure is 9 miles, and 
its area is a little over KX) square miles. Its northeastern boundary with the 
Archeean rocks of the Central Provinces appears to be approximately straight 
and is probably a fault; it is, however, ill-seen throughout the greater portion 
of its length owing to the presence of thick alluvial deposits which conceal 
80 much of both the Gondwana sandstones and the gneisses. The southern 
tortuous boundary from the edge of the Trap appears to be one of deposition 
on the gneiss. Th«. only groups represented in this well known and extensively 
quarried tract are the Talchirs and Kamthis.* 

Talchir rocks are found in two places. The first of these is on the southern 
edge o^ the tract a few miles north of Nagpur, exposed in stream-courses just east 
of the road connecting Nagpur with Chhindwara. The beds consist of reddish 
and olive-grey shales which contain large rounded boulders of metamorphio 
rocks and of the characteristic Vindhyan quart^site-sandstone and limestone. 
The Vindhyan fragments appear to have come from a considerable distance, since 
no outcrop of this formation is known near Nagpur. The other Talchir locality 

i W. T. Blanfoid. Afem. VI. pt. 3,115 (1869). 

t W. T. Blaadford. Mem. IX, map, p. 330 (1872). 




1058 HAKUAL or OrOLOOY or india avp BUBMA [VOXi. 1I» 

is a small isolated hillock of vertipal beds kaowa as Koda Dongri; this is surrounded 
by alluvium and lies midway along the faulted northeasteirn edge of the tract. 

The beds, here seen in their type locality, have already been described. They 
occupy the rest of the Qondwana area and are well seen at Eelod, also southeast of 
Saoner, and again south of Patan Saongri, as well as along the edge of the traps 
from Tondakheri to Bhokara ; the beat known exposures, however, are at Silewara, 
nine miles north of Nagpur, and at Eamthi. At both these places numerous 
fossils have been obtained from large quarries. The most characteristic beds 
are the coarse felspathic sandstones, brown, red or white in colour, with bands 
of hard ferruginous grit, and the compact yellow and red shale. There is no trace 
of carbon in the plant fossils and, as the Barakars appear to be completely absent 
in the area, there are no prospects of the occurrence of coal. 

Bandar coalfield.—Around the town of Chimur, about thirty miles north¬ 
east of Warora and nearly fifty miles S.S.E. of Nagpur, there is exposed in the 
Chanda district a tract of Talchir beds about 18 miles in extreme length from 
north to south and about 10 miles broad. In the northwest corner of this 
exposure is a small triangular basin, occupying about 12 square miles, 
composed of Eamthi beds resting upon Barakars and known as the Bandar 
coalfield. The Gondwana tract as a whole is covered to the north and north¬ 
west by infra-trappean Lameta beds and Deccan Trap. To the east and west 
the Talchirs rest upon Archsean metamorphics, while to the southwest and 
south they lie upon the Sullavis(? Vindhyan), though most of the boundary 
is concealed by alluvium. The greater part of the Damuda outcrop is made 
up of Eamthi beds which are unconformable to the Barakars and overap 
them to the northeast, but that the older stage underlies the greater 
part of the Eamthi outcrop has been proved by boring. Three or four seams of 
coal have been shown to exist and in the opinion of Dr. Fox it can be safely 
accepted that 18 feet of coal in one, and two or three workable seams, are avail¬ 
able under an area of six square miles.^ The presence of this field was deduced 
by Mr. T. W. H. Hughes avbout 1872, in spite of the absence of any actual 
coal outcrops. The thickness of the Barakars underlying the Eamthis is not 
known, nor is the extent to which the older rocks had been eroded before 
deposition of the Eamthis. The character of the Gondwana rocks of this area 
differs i? no appreciable respect from that of the equivalent sediments 
in the neighbouring Wardha field. 

Outliers near Khair and Arjuna.— Before describing the main 
Gondwana area in the Godavari valley, brief notice may betaken of some 
outliers to the west of the northern portion. Near the village of Ehair, 
about twenty-five miles west of Chanda town, a considerable area of sand¬ 
stone is found extending for some five miles up a valley between low hills of 
Deccan Trap. A smaller tract of similar sandstone, greatly hardened, is again 
seen to the south in the Yedurba stream, which is chiefiy supplied by a cop^ious 
hot spring close to Ehair. Two other small outcrops, mutually separated by 
overlying trap, are met with about three miles to the southwest, and a larger 
tract of irregular shape occurs still further to the southwest, around the vilbge 
of Arjuna, nine miles southwest of Ehair. All these beds are covered by tra|» 
to the north and west; they are very ill-exposed but appear to rest upon the lim^ 
stones o the SuUavai series to the east and south. 


iMem. UX, 890 (1034) . 
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In plaoes, the beda of these outcrops are so greatly indurated that it was at 
first doul^tful whether they could be identified as belonging to any known formation. 
This is especially the case with the rocks on the Yerduba stream and near Arjuna. 
The beds in the valley northwest of Khair, however, have the usual characters 
of the l^mthis, while the recognition by Mr. Hughes of Talchir sediments at the 
southern extremity of the Arjuna outcrop makes it almost certain that all the rocks 
in question must belong to the Gondwana system. No exposure of typical Barakars 
has been recorded, but the occurrence of this stage beneath the Kamthis is not 
unlikely. 

Wardha valley, or Chandal-Yeotma-Adilabad area.— The large ,»area of 
Gondwana rocks in Chanda and what used to be known as southeast 
Berar, received early attention on account of the exertions made to procure 
therefrom a supply of coal for parts of the Great Indian Peninsula Railway. 
It forms the northwestern portion of an immense tract of the Gondwanas 
stretching for a distance of about 285 miles from northwest to southeast with 
a maximum breadth of about 35 miles. This area is traversed throughout by the 
Wardha river, which forms a convenient but artificial southeastern bour.dary where 
it turns eastward to ujute with the Wainganga to form the Pranhita ; at this point 
the Gondwana tract has narrowed to about 14 miles across. 

The tract northwest of this artificial boundary, now under consideration, is 
about 70 miles in length from northwest to southeast, and nearly 30 miles broad 
where widest; its area is about 1,600 square miles, and its northwestern termination 
is about fifteen miles north of Warora. The field may be looked upon as a trough 
between two great parallel N. W.-S.E. faults, one forming the northeastern boundary 
from end to end, whilst the other forms the actual l)Oundary only where the field 
is broadest, disappearing to the northwest beneath the Trap, and dying out in 
a southeast direction. The Gondwana rocks where most developed in the neigh¬ 
bourhood of Chanda, are bent into an anticlinal fold whose axis lies much nearer 
to their southwestern than to their northeastern limit. They dip towards the 
boundary on each side of this axis, along whicn the old Purana floor-rocks (Pakhals) 
crop out in one or two places and in a northwest direction divide the Gondwana 
outcrop into two arms; each of these arms extends northwestwards alongside 
one of the boundary faults till covered up by the trap. Where the southwestern 
boundary fault dies out in a southeast direction, the area assumes the uniform 
aspect of rocks dipping steadily at a low angle to the E.N.E. and abruptly cut of 
in that direction. The rocks bordering the Gondwana tract on the southwest 
are the shales and limestones of the Pakhal series; with one or two patches of 
what may be the Sullavai sandstones; on the northeast border the rocks consist 
of Archsean gneisses and the Sullavai sandstones. 


The Gondwana groups exposed in the Chanda area are the following: 


Upper Gondwana 


f Chikiala sandstone; 
•( Kota stage; 
hMaleri stage 


Lower Gondwana 


fMangli series (Panchet); 
4 Damuda series . 
I^Talohir series 


•{ 


Kamthi stage; 
Barakar stage. 
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Tbe Talchirs cover an area amountirig altogether to about 260 square miles, 
and must be of cojvsiderable thickness. The largest tract, west of Chanda town, is 
partly concealed by river alluvium and interrupted by inlying outcrops of Pakhals. 
They also stretch for about 16 miles along the southwestern edge of the field, in 
the Nizam’s territory, south of Bajur, and they are found as a very narrow frii^e 
along the northeastern edge of the western arm of the Gondwanas northwest of 
Wun. The beds are of the usual type, and the basal shales contain boulders. 
At Irai, on the Fenganga not quite a mile above its confluence with the Wardha, 
Pedden found boulders with polished and grooved surfaces, whilst the underlying 
Pakhal limestone was seen to be extensively scoured, grooved and polished, the 
striae inning in long parallel lines in a direction approximately N.E.-S.W- 
Some flexible sandstone has also been found in the Talchir beds south of the 
Penganga. 

The Barakars are very thin, nowhere exceeding 260 feet in thickness and often 
less. Their general descending section is :— 

4. A very thick band of coal and carbonaceous shale; 

3. Sandstones and shales; 

2. A few thin carbonaceous beds; 

1. Sandsotnes and shales. 

The sandstones, which need not be described, are usually the only Barakar beds 
seen at the surface. In some places Barakar sandstone rests upon the coal band, 
but over a considerable area the latter is overlain immediately by the Kamthis. 
The coal band (No. 4) is an irregular mixture of coal and carbonaceus shale, the 
proportions of the two varying in almost every one of the numerous bore-holes 
by which it has been proved; as a rule, the greater portion cojusists of coal, some of 
it of good quality, the rest having a high ash-content. Some thin seams, none of 
them over two feet in thickness, are found in the lower carbonaceous horizon. 

The Barakars are most irregularly distributed, and are overlapped throughout 
a large area by the Kamthis. They appear in one spot about six miles north of 
Warora, but coal has not been proved here. Coal-bearing Barakars are to be 
found in a small tributary of the Wardha six miles W.N.W. of Warora; the dip 
is here southwest and the coal doubtless extends under the trap in this Erection. 
Coal was found to underlie the alluvium near Warora, and two of the Barakar 
coal seams were worked from 1874 to 1906 in the Warora area, but the colliery 
was shut down as a result of serious subsidence. The next outcrop of Barakars 
to the south is situated along the arm of Godwanas abready described as extending 
northwest of Wun. Here a straight strip of the beds, about a mile in breadth 
and dippij]^ southwest, has been traced for eight miles from northwest to southeast 
and further southeast by boring; this area is being worked for coal. The rocks of 
this strip may be continuous under the alluvium and the Eamthi sediments with 
another Barakar area further east and southeast, stretching for about twenty miles 
with interruptions from pmnts west of Bbandak to a point on the other side of the 
Penganga, W.S.W. of Chanda; this belt, which includes the thick coalf Telwasa 
and Ghugus, borders the main Talchir outcrop west of Chanda until overlapped 
southwards by the Kamthis. Some of the coal is of good quality and there is 
an aggregate thickness in places of 50 or 60 feet of coal. The Barakars reappear 
on the other side of the anticline, nroiind Sasti, a village on theotber si de of the 
Wardha opposite Ballaipur, and are feebly represented near the twon of Chanda^ 
where the upper horizons, including the thick coal, appear to be absent ; north 
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of Chanda they are completely overlapped by the Xamthis. Borings in the oat** 
skirts of the town, however, have encountered coal, one colliery having found 
a 19-foot seam at 81 feet and a 26-feet seam at 120 feet. From the collieries of 
Ballarpur and Sasti, the annual production of coal during the first ten years after 
the Great War of 1914-19^8 varied from 150,000 to 200,000 tons, but the latter 
figures has been exceeded since by Ballarpur alone; the reserves of coal in the 
neighbourhood are estimated to be large. The most southerly Barakar exposure 
of the tract now being discussed extends for 12 miles from Sirsi, a village seven 
miles south of Bajur, to Antargaon, whose railway station is situated on the out¬ 
ward side of the angle made by the Wardha river where it bends eastwards to join 
the Pranhita. North of Sirsi the Kamtliis compeltely overlap the Barakars. 
A 6-feet seam of coal is known to occur in this locality. 

Morethan two-thirds of the whole Gondwana outcrop is composed of the 
Xamthis which occupy all the eastern and northeastern portion of the tract, as 
well as a large area in the west around Wun. They are unconformable to the 
Barakars, and overlap them in many places to rest generally upon the Talchirs 
but occasionally upon the Pakhals. Except that they comprise in some places 
beds of red, yellow and grey clay, they are of the same character as the type 
beds near Nagpur. The porosity of the coarse, friable, basal Eamthi sandstones 
enables them generally to be distinguished from the sandstones of the under¬ 
lying Barakar group, even when the Kamthi beds are deficient in the ferruginous 
bands so frequently associated with them. These sandstones average 400 or 
500 feet in thickness ; the town of Chanda is built upon them, and they are well 
seen on the banks of the Wardha below the coal-pit at Ghugus, west of Chanda. 
Clays and shales are occasionally interstratified, but neither the argillaceous beds 
nor the hard irregular ferruginous bands are invariably found. Fossils are of 
rare occurrence, but some fine fronds of Glossopferis have been discovered in some 
shales near the base of the group in the vicinity of Chanda. The upper beds of 
the group are usually poorly exposed ; they occupy the wild forest country east 
and northeast of Chanda, sometimes rising in low hills but more often concealed 
by their own thick debris of sand and clay ; a few outcrops of these rocks are seen 
south of Wun, and in Wardha below Chanda, but no connected section is 
anywhere exposed. It is consequently impossible to estimate the thickness of 
the Kamthi series with any accuracy. 

Mangli, the type locality of the Mangli stage, is a deserted village at the extreme 
northwestern end of the Gondwana tract, below the edge of the Trap, ten miles 
north of Warora. The beds of this stage resemble typical Kamthi sediments but 
are probably nearer the Panchets in age. They attain a considerable thickness 
and are described as consisting of compact grits, breaking with a conchoidal 
fracture and ringing under the hammer, fine or coarse sandstones with red blotches 
and streaks upon a whitish, yellow or brownish red surface, very fine-grained, 
compact, homogeneous sandstones having an argillaceous appearance but appa¬ 
rently free from clay, in colour buff weathering to deep red, and ferruginous sand¬ 
stones and conglomerates containing small squartz pebbles. They occur about 
600 or 700 feet above the base of the Kamthis, and have yielded the Brachyovs, 
Estheria [Cyzicus] and other fossils already described (page 964). From similar 
beds about sixteen miles due west of Chanda around Kawarsa and Panwat have 
been collected Estheria [Cyzicus] mangliensis, Phyllotheca indica, Olossopreris 
9 GSI/64 37 
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indica^ 0. brawniana, and fragments of Schizoneura. The same beds are found 
on the same line of strike on Balar Hill between Panwat and Wun. 

The tract of Upper Qondwanas starddling the river Wardha in the extreme 
southeast of the tract under description probably belongs to the Maleri stage 
a group referred provisionally to the lower Mahadeva. This tract is but the 
northern extremity of a large area of these and higher Gondwana beds which 
extend southeastwards far beyond Sironcha; it stretches a few miles north of the 
Wardha underthe patch of alluvium which carries the village of Dhaba (Dabha). 
On the banks of the Wardha, sections of the characteristic sandstones and clays 
of the Maleri group are seen; their relationship to the Kamthis is here ill seen 
hut is probably one of unconformability. 

No basaltic dykes are known in any part of the Chanda tract, nor indeed in 
any other portion of the Gondwana area of the Godavari valley. This absence 
of such volcanic instrusions is all the more remarkable since the Gondwana rooks 
of the northern end of the Godavari tract disappear westwards under the Deccan 
Traps, while an outlier of the same igneous suite is to be seen at the southeastern 
extremity of the whole tract near Bajahmundry. In this particular feature the 
Godavari region is in strong contrast to the Satpura region. 

Central portion of the Godavari valley.—The Central Godavari tract 
now to be described stretches from the easterly bend of the Waxdha, west of 
the so-called ‘^Thiid Godavari Barrier” on the Pranhita, southeastwards through 
the town of Sironcha to within a few miles of Dummagudem (Doomagoodiam) 
at the *^Pirst Godavari Barrier”. A broad belt of Gondwana sandstones extends 
throughout this length of about 140 miles, but the river does not keep within the 
boundary of the sedimentary rocks. Throughout the greater part of its 
course, the Pranhita runs to the eastward of the sandstone area, while the main 
stream of the Godavari, which enters the sandstone area some thirty 
miles above the junction with the Pranhita, flows into a tract of ancient Pakhal 
rocks about twenty-five miles below this junction and two or three miles above 
the confluence of the Indravati. Prom this point the Godavari makes its way 
through the Pakhal beds for nearly twenty miles, forming that portion of its course 
known as the ^Second Godavari Barrier”; the river then re-enters the Gondwana 
area, along the margin of which it runs till just above the First barrier at 
Dummagudem. 

This large area of Gondwana sandstones is still but imperfectly known \ the 
country is very wild and for the most part covered with forest, and the surface 
is much concealed by alluvial deposits. While the northweastern end of this central 
tract, as already remarked, is characterised by a contraction in width of the Gond¬ 
wana outcrop, the southeastern end, at a point southwest of Dummagudem, has 
shrunk to a width of only six miles; across the greater part of the central tract 
of Gondwanas the width is between 30 and 40 miles. The northeast boundary is 
nearly straight and coincides in all probability with an extensive fault. The 
southwest boundary, which in a general way exhibits a trend parallel to the north- 
oastem, has straight sections which are fault lines echelonned on one another 
and trespassing into the Gtondwana tract sometimes for considerable distances, the 
southern half of the southwest boundary, however, is more winding and presents 
the appearance of a depositional contact. It would seem therefore, that the 
trough structure of thB Wardha valley tract no longer exists throughout the 
eeatial tract, to, while the fault boundmg the trough along the northeast persists 
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that along the soutwestem boundary soon becomes echelonned and dissipates 
itself. Several cross faults have been mapped. 

At a short distance south of Wardha, the Oondwana area, as a result of the 
echelonned faulting, becomes much broader, and the rocks are bounded on the 
west by the Sullavai beds, except where the Deccan Trap conceals the contact, 
as far as the Godavari. South of the Godavari, the rocks in contact with the 
Gondwanas along their southwestern boundary, in order from northwest to south¬ 
east, are : Archsean gneiss; a short belt of Pakhals ; a long belt of Sullavais; along 
belt of Pakhals; and finally Archaean geniss stretching thence to the khondalite 
outcrops of the coastal area. Along their northeast boundary the Gondwana 
rocks are in faulted contact, first with Archaean gneiss in the north, then for along 
distance with the Pakhal beds as far as the neighbourhood of Dummagudem, 
where the bounding rocks are alternately Pakhals and gneiss. Throughout a 
considerable portion of this Gondwana tract there is a low dip of the beds to the 
northeast, so that the lower beds, as a rule, are exposed along the southweastern 
margin, while the higher beds abut against the northeastern boundry of the tract. 

The greater portion of the area consists of coarse sandstone, more or less con¬ 
glomeratic. The groups known to be represented are as follows : 


r Chikiala sandstone ; 

Upper Gondwana . i Kota beds ; 

^Maleri beds. 

fDamuda series 
Lower Gondwana . . W 

bTalchir series. 

Talchirs have been found in a few places only. Between the echelonned fault 
in the northwest, they fringe the Barakars or Kamthis, lying upon the Sullavai 
or Archaean. West of Jangaon, they can be followed westwards for several miles 
up a small stream, laid bare beneath the Deccan Trap. A few miles west of Siron- 
cha, a narrow strip of these rocks and an adjacent patch of Sullavais have been 
brought up in the middle of the tract by a continuation of one of these faults. 
A long irregular fringe of Talchir beds separates the Kamthis from the floor of 
Sullavai beds northwest and southeast of the village of Sullavai. Lastly, four 
or more small outliers, lying indiscriminately upon the Pakhals or the gneiss, are 
to be seen in the southeast at and around Dummagudem, the most northerly of 
these, near Cherla, being accompanied by a small outcrop of Barakars. In the 
exposures of the northwest, the typical Talchir shales are rare, the group consisting 
ohiefly of sandstone, with a well developed boulder bed. 

Barakar exposures are smaller and fewer even than those of the Talchirs. The 
most northerfy is a small outcrop, some ten miles south of that of Antagaon, 
lymg on the Sullavais and overlapped by the overlying Kamthis; no coal seams 
are here seen. A more important outcrop, though not more than a mile in width, 
extends from northwest to southeast past the small town of Tandur for about 25 
miles, overlying an equally narrow strip of Talchirs and followed by the Kamthis ; 
two seams of coal are in process of being worked. South of Tandur, at Waripet, 
Ml another tiny Barakar outcrop, faulted against the Sullavais on one side and 
overlying Talchir beds on the other. Accompanying the thin strip of Talchirs 
A few miles west of Srioncha is an equally narrow outcrop of Barakars aboui 
14 miles long, overlain and overlapped by the Kamthis; fragments of coal have 

d7A 


rKamtbi stage 
[^Barakar stage. 
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been found in the Godavari which orosses the outcrop. The Barakars of the small 
exposure on the left bank of the Godavari, between Dummagudem and Oherla 
carry the village of Lingala and have rather a high dip ; three or four thin seams 
of coal are known to exist. These beds reappear on the Hyderabad side of the 
Godavari. 

In the large tract of the Eamthis and to the west of Dummagudem, there are 
several places in which coal or Barakar outcrops have been noted. Such occurrences 
have been reported in the Einarsani Vagu three miles east of Bandala, and further 
down the valley between Gundala and Muttaparam, and as far as Allapalli. These 
small inliers are in line with the small outliers situated beyond the border of the 
main Gondwana tract, south of Sullavai; these are referred to later on. 

The Eamthi beds stretch uninterruptedly from end to end of the area and 
occupy a large portion thereof; they must be very thick. The greater portion 
of them, however, consist of brown ferruginous sandstones without any special 
characteristic, and as a rule, it is only towards the base that distinctive beds occur. 
The presence of the porous, coarse, friable sandstones, so typical of the lowest 
horrizons of the group in the Wardha area, makes it easy to define the lower limit 
of the Eamthis and to separate them from the underlying groups, but their upper 
margin is far less easily determined with accuracy. The compact red and buff 
shales, as well as the typical grits breaking with a conchoidal fracture, are less 
common south of the Wardha than they are to the northward. South of the 
Godavari, in the neighbourhood of the Maner river, and south of Madapur near 
Sironcha, a thick succession of sandstones, mostly soft, fine-grained, and yellow, 
salmon-red and reddish brown in colour, is now included in the Eamthi series; 
amongst these beds is a fine-grained, salmon-red, sandstone with fragments of 
purple shale. 

The Upper Gondwanas occupy all the northeastern portion of the tract, from the 
Wardha to below the Second Barrier on the Godavari, a distance of nearly 100 
miles; for some distance these beds average more than 20 miles in width, and at 
one spot occupy practically the whole breadth of the Gondwana outcrop. As 
already explained, the limit between the Eamthis and the Upper Gondwanas, 
especially south of the Franhita-Godavari confluence, is somewhat doubtful. 
So far, the Upper Gondwanas have not been recognised as far south as Dumma¬ 
gudem. In the extreme northwest, near Jangaon, the Upper beds have completely 
overlapped the Lower so as to rest directly on the underlying Pakhals. At the 
same time, there is as usual a very close accordance in dip and strike between the 
Lower and Upper divisions, the beds in each case having the same northeast- 
early dip, and no marked break can be detected between the two. 

The large type-exposure of the Maleri red clays succeeds the Eamthis east of 
Tandur; its composition and fossil contents have already been described. Two 
smaller tracts are seen farther north, fringing another outcrop of the Eamthis, 
and stretching northwards to the vicinity of Dhaba. Another outcrop accompanied 
by some of the Eota beds has been let down by a fault against the strip of Talchirs 
west of Sironcha. 

The Eota beds, which overlie the Maleris, consist principally of coarse, loosely 
compacted sandstones, with some subsidiary bands of shale, and three thick banas 
of limestone; from the last have been obtained all the animal remains characteristic 
of the group, the few plants having been all derived from sandstone bands. The 
presence of one small exposure of these beds west of Sironcha has already been 
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noted. The main tract lies east of Sironoha and stretchos continuously from 
a point three or four miles south of Dhaba in the north, southeastwards to the 
Pangadi Vagu near its confluence with the Godavari, but it no doubt continues 
for some distance in this direction under the alluvial deposits of the latter river. 
The Kota beds overlap the Maleris and for over fifty miles, both to the north and 
south of Sironoha, lie upon the Kamthi beds. Reference has already been made 
to the fauna and flora of these beds which are now believed to bo considerably 
younger than the Maleri. 

The unfossiliferous Childala sandstones and conglomerates have been traced 
for 68 miles along the northeastern boundary of the Qondwana tract, lying upon 
the Kota beds with a suspected but slight unconformity; the beds are highly 
ferruginous and have furnished the ore used by the local iron smelters, 
coal seams form part of the succession. The very doubtful occurrence of Childala 
beds at Balanpur, southwest of Jangaon, has been mentioned in earlier pages. 

Outliers north and east of Pakhal Tank.—West of the small village 
of Kothapali, situated S.S.B. of Sullavai and some twelve miles northeast of 
of the Pakhal tank is a tiny outlier of Lower Qondwana rocks, all dipping at a 
considerable angle to the W.S.W. and cut off in this direction by a N.N.W.-S.S.B. 
fault. The beds of this outlier—the so-called Kamaram coalfield^—occupy 
the small valley of the Pangadi Vague, and lie upon Sullavai rocks. The 
Talchirs extend round the northeastern edge of the field; along the south¬ 
western, for at least part of the distance, the Barrakars and l^mthis abut 
against the old Pakhal rocks by which the field is surrounded. The Talchirs 
are the usual fine olive shales, with boulders in places. The Barakars extend for 
nearly a mile-and-a-half, but their breadth is slight since only about 300 feet of 
them appear to be present. They rest with a clear unconformity upon the denuded 
edges of the Talchirs in some places, and include two seams of moderately good 
coal, one nine feet, the other six feet, in thickness. The high dip, the heavily 
watered strata, and difficult country detract from the value of this small area. 

Singareni.—The Singareni coalfield is a small outlier of Lower Qondwana 
rocks eight or nine miles southwest of the margin of the main Godavari exposure, 
and forty miles or more W.S.W. of Dummagudem; it lies within the confines 
of the Hyderabad State and takes its name from the large village of Siivgareni, 
situated about four miles west of the southern termination of the outlier. This 
tract belongs to the drainage of the Muner, a tributary of the Kistna, and covers 
an area of about 19 square miles. It has a length of 12 miles from N.N.W. to 
S.S.E. and an average breadth of a little under two miles. The groups exposed 
are the Talchir, the Barakar and the Kamthi. 

The Talchirs occupy the northern portion of the field only, and consist of the 
usual fine-grained olive shales, boulders being uncommon though not entirely 
wanting. The Barakars are distinctly unconformable to the Talchirs, and the 
irregular distribution of the Kamthis and Barakars is probably also due to uncon¬ 
formity, the former overlapping the latter and resting sometimes on the Talchirs 
and sometimes on the old Pakhal rocks or the gneiss. 

^The name is unfortunate since the maps show three villages within twnenty miles of 
one another, each bearing the name of Kamaram (Kamawaram). The local Kois apparently 
have a habit of shifting the site of a village if considered necessary. 
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Ih« Bmkan «» found in Mvend deteol^od areas aep^ted fiom eaoh othec 
fcjr intervening Eamtiiti be^; tihiej are at least 700 feet t£iok. Of the two largest 
areas, one oooiua about ^e middlo of tbe field, and tbe other along its western 
edge neat the southern eztremitj. In the fonner a seam of coal was observed 
at the surface, but several additional seams have been proved bj boring, <m» 
of them oonsistiDg of quite 3i feet of coal; at a lower depth the so-called “[Qiiok 
seam” compriBes 78 feet of coal, shale and shandstone. Some 214 f^ bdow the 
ITluok seam is the King seam, 7| feet thick in places. Much of the coal is of excellent 
quality. Well over 20 million tons of coal have been produced from the Singareni 
tollieries since 1893, when the mineral first began to be raised. 

Two small outliers of Eamthis lie upon the Pakhals between the Singareni 
coalfield and the southwestern edge of the main Gondwana tract. 

Southeast extensioB of the Godavari region.—The southeastern portion 
of the Godavari basin is a well-defined area joined to the remainder by Gie 
narrow neck already mentioned southwest of Dummagudem. The Lower 
Gtondwanas which form the bulk of the exposure are the most southearly occur* 
rmioe of these rocks in India. The tract of Lower Gondwanas extends from 
northwest to southeast for over 60 miibs, with an average width of about 1^ 
miles. Towards the southeast it is succeeded by a belt consisting entirelv of 
TJj^r Gondwana beds, expanding into a much broader area stretching from 
t^e Godavari river above Bajiduunnndry W.S.W.>wards for a distance of nearly 
60 miles and ending within twenty miles of the Eistna riv^ at Bezwada. 

The boundaries of the tract appear to be for the viost part those of natural 
deposition, in spite of the fact that the southwestern boondary of the Lower Gond¬ 
wanas is comparatively straight. So far as is known, there is no abrupt junction 
with the ancient rocks extending for any great distance. The Lower Gondwana 

S rtion of the tract rests partly upon the Archtean gneisses and partly upon the 
ondalites, also of Archwan age; the Upper Gondwana portion lies entirely upon 
tite khondalites and disappear Iraneath the Deccan Trap west of Rajahmundxy 
and esewhere beneath the Gnddalore Sandstone (Pleistocene or late Tertiary) 
and the alluvium of the Godavari and Eistna deltas. 

The liower Gondwana groups represented are the Talohir, Barakar and Eamthir, 
the last covering probably 99 per cent, of the tract. Of the Talchirs a small outlier 
is seen lying upon the gneiu outside the northern boundary of the tract. Bast 
of this, on the banks of the Godavari below Bhadrachallam, four or five very small 
outcrops of these beds are observable, most of them fringing Barakar beds. Mother 
occiorence is reported near Eanigiri Hill, along the southwestern edge of the 
Gondwana tract; here also it is probably in contact with a small strip of Barakus. 
The irregular distribution of these patches of Talchirs and their general absence 
at the base of the Barakars appear to indicate a greater degree of unconformity 
between these two groups than is usually seen elsewhere. 

The Barakar outcrops, soarely larger than those of the Talchir, are found in 
^ree loealitjes. One of these is the Madhavaiam area, traversed by the Godavari 
from west to east^ a few miles below Madjtaohallam covering about 24 square 
miles. The rooks, howevm, are ill seen and much covered by alluvial depoisto ; 
&om the few dips observed, it appears probable that some of the boundaries are 
Isnlted. Borinp have proved the existence of ooal seems but these ate not thick 
hod mu^ of the coal appears to be of iaietjor quality. Another traot of BaraW 
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is tbst of tho Bsddadanol (Badadanuru) field, thirty-five miles southeast of Bhadsa- 
ohallam and five miles east of the large village of Ashwaraopet (Asfaraopettah). 
This small field is five miles from north to south and about two miles abroad. The 
Barakars, to the eastward, rest on the gneiss with no intervening Talchirs, and dis¬ 
appear westwards beneath the Eamthis; both to the north and south, the Eamthis 
overlap the Barakars. The only Barakar rocks seen at the surface are coarse, 
{prey, white or buff, felspathic sandstones, with ferruginous concretions. At least 
600 feet of Barakar rocks appear to be present, the dip varying usually 
from 2^ to 10^. Some inferior coal has been discovered by boring. A third tract 
of Barakars has already been mentioned as occurring about twenty-five miles 
southwest of Bhadrachallam, on the southwestern edge, of the Gondwana tract; it 
is six miles long from northwest to southeast, and two miles across. The Barakars 
rest partly on Talchirs and partly on the gneiss to the west, whilst to the east they 
are covered up by Eamthis ; to the northwest they appear to be cut off by a fault. 

By far the greater portion of the Lower Gondwana tract is composed of Eamthi 
beds, though it is possible that further examination may show tW some of the 
strata so assigned belong in reality to higher horizons. The Eamthis of this 
area are chiefly coarse felspathic sandstones and grits, generally loose in texture, 
and of various shades of brown, often conglomeratic, and frequently traversed 
by ferruginous bands. In places, however, white lilac and red shales occur, 
and in some instances, especially along the southwest margin, there is seen the 
typical compact shale, yellow in colour weathering to red. In the interior of 
the exposure the Eamthis form large hill-masses, nearly flat, topped, the beds 
rolling about with very low dips. If the extremely local distribution of the Bara¬ 
kars be due to their extensive denudation before the deposition of the Eamthis, 
there must be a considerable unconformity between the two groups ; on the other 
hand, it is possible that the Barakars of this area were originally deposited in 
isolated patches. 

The width of the Upper Gondwana outcrop varies from 10 to 15 miles, and the 
general dip of the beds is to the southeast at from 5° to lO'^. Throughout a consider¬ 
able portion of their area, the beds rest unconformably upon various members of 
the Eamthi, but overlap this series both to the northeast and southwest, where 
they lie upon a sloping floor of knondalite ; this floor has the appearance of a plane 
of marine denudation, formed after the deposition of the Eamthi rocks, since 
the latter rest upon a much more uneven sur&ce of the metamorphic knondalites. 
Such a conclusion is confirmed by the peculiar distribution of the various members 
of the Upper Gondwanas, which are evidently accumulated in an area distinct 
from that in which the Gondwana beds of the Godavari valley were deposited. 

The beds have been divided as follows ^— 

3. Tripati sandstones ; 

2. Bagavapuram shales; 

1. Golapilli sandstones. 

The Golapilli brown and red sandstones and conglomerates, which near Golapilli 
form a hard plateau capped by the Cuddalore conglomerates and gravels, extend 
throughout the area from the vicinity of Golapilli to the neighbourhood of the 
Godavari. Above the Golapillis, about the middle of the area, occur the Bagava¬ 
puram shales, which are traceable for about 18 miles, intervening between the 
Golaj^lli sandstones and the Tripati beds. The latter, like the Golapillis, extend 
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across the whole area from Qolapilli to the Godavari, and are probably equivalent 
to the Ohikiala sandstones of the Godavari region farther north. The fossil contents 
of these beds and their relationships have already been discussed in detaU. 

Northeast of Bajahmundry and between that town and Vizagapatam there are 
six very small exposures of Upper Gondwana beds, none exceeding five miles 
in length and all of them on the edge of the alluvium. The age of these beds is 
not certain but they appear to represent the Tripati sandstones. The outcrops 
occur at the following localities, from southwest to northeast; (i) Jagampet (Jagg- 
ammapeta), 22 miles E.N.E. of Bajahmundry; outcrop more than four miles in 
length; (ii) near Eirlampudi, eight miles further to the east; outcrop nearly three 
miles from north to south by two miles broad, on the edge of the alluvium ; (iii) 
Ayaparaz-'Eotapili (Innaparazpalayam), 12 miles further east, on a ridge, two mJdes 
long, rising from the alluvium, with ridges of knondalite to the north ; the beds 
consist of purple and brown sandstones, and conglomerates which yielded casts of 
Tfigonia smeei, T- ventricosa, and other fossils, and are probably the equivalents of 
tile Ohikiala sandstones of the Godavari region ; (iv) near the village of Jilladypad, 
four miles further east and a little north; this outcrop occupies a small ridge, 
miles long, of brown sandy clay and sandstone, surrounded by alluvium ; (v) near 
the village of ^^Eedatum”, half*a-mile to the northeast; here the bottom beds 
are hard, coarse, gritty sandstone brown in colour, and often containing small 
pebbles ; (vi) the last and most easterly exposure, somewhat smaller than the pre¬ 
ceding, lies eight miles to the northeast, close to the coast; it is a narrow strip 
qf coarse brown sandstone, about two miles long, resting upon the edge of the 
knondalite hills of Sudikonda. 

The Upper Gondwanas of the Coromandel coast are found not only to the 
northeast but also to the southwest of the Godavari valley, on the other side of 
the Eistna delta. In this direction a line of small outcrops can be traced for over 
a hundred miles to a point fifteen miles of Eandukur (Cundacoor) in Nellore. These 
outcrops are very numerous but, owing to the manner in which the surface of the 
country near the coast is covered with laterite, lateritic gravel and black soil, 
the rocks are ill exposed and in many places can only be detected in welbsections 
or excavations for tanks. The most northerly exposure hitherto found in the 
country south of the Eistna delta is close to the town of Gunture ; thence to Ongole 
there is a series of about five small tracts along the edge of the coast alluvium. 
In these tracts, shales and sandstones very similar to those found at Sripermatur 
further south are exposed. In well-sections in the town of Guntur, grits and con¬ 
glomerates lithologically resembling some of the Sripermatur beds are seen. About 
six miles southeast of the town, there rises from the alluvium a long low ridge, 
about 14 miles long from northeast to southwest but only about two miles broad; 
this ridge is made up of compact, brown, reddish and purple, gritty sandstones 
probably equivalent to the Tripati sandstones, resting upon soft whiteshales with 
ferruginous partings, doubtless identical with the beds of Sripermatur and Bagava- 
puram. 

Southwest o*^ Guntur, the two most important outcrops are those at Inkollu 
(Yinkolu, twenty-six miles N.-by-E. of Ongole, and at Vemavaram (Wamaya- 
varam), mfdway between. In each case the beds have been traced over from 12 
to 15 square miles. In the Inkollou outcrop, at the village of Budavada, three- 
and-a-half miles W.-by-N.oMnkollu, limestones and calcareous sandstones have 
' been found containing large numbers of oysters, besides ammonites and molluscan. 
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dielb; these maiine fossiliferoas Budavada beds, which have already been des¬ 
cribed (page 1003), are the upper bands of a group of gritty sandstones, and appear 
to lie at a slightly lower horizon than the sandy shales which are seen east of the 
village and which have yielded a flora corresponding more or less to that of the 
Bagavapuram shales. Above the shales is a Wd sandstone, which forms a small 
plateau northeast of Budavada, and which may very likely represent the Tripati 
group. Near Vemavaram, a much greater thickness of beds is exposed, consisting 
of white, buff and purplish shales, with flaggy beds and thin bands of sandstone ; 
come of the higher horizons have yielded marine fossils (page 1003). Another 
outlier is found at Yendlur, six miles W.-by-N. of Ongole, and from some clays 
'and sandy shales therein a few plant remains, including a Ptilophyllumy have been 
obtained. At this spot occurs some indurated sandstone whose relationship to 
the shales is obscure. 

South of Ongole, several other small outcrops of Upper Gondwana beds have 
been detected, the principal one being west of the town of Kandukur, twenty miles 
8 .S.W. of Ongole, while some highly fossiliferous shales are exposed in well-sections 
in Kandukur itself. It is evident that these beds, which are the equivalents of 
the Bagavapuram and Vemavaram groups and contain many of the usual Raj- 
mahal plants, occupy a considerable area beneath the surface covering of laterite. 
The most southerly exposure of the rocks in this neighbourhood is about fifteen 
miles south of Kandukur, and west of Bamapatam. 

X.—COASTAL OUTCROPS IN THE NEIGHBOURHOOD 
OF MADRAS CITY, NORTH AND SOUTH OF THE PALAR RIVER. 

South of the last-mentioned exposure of Upper Gondwanas—that to the south 
of Kandukur—no further outcrops are seen for over a hundred miles, when they 
recommence in the Madras area along a N.-S. line 80 miles long, on each side of the 
Palar river. These, usually spoken of as the Sripermatur outcrops, occur along 
the edge of the Archaean gneiss, intervening between it and the laterite or alluvium 
of the coast, or as outliers scattered over the surface of the gneiss, or in one case 
as an inlier beneath the alluvial gravels of Conjeveram. The beds are not found 
more than fifty miles from the coast. Borings in this area failed to find any trace 
of coal or Lower Gondwana beds. 

The largest expanse of Upper Gondwana beds in this neighbourhood forms 
an interrupted tract to the northwest and west of the city of Madras in the vicinity 
of Sattavedu, Alikur and Pyanur. The southern extermity of this tract is traversed 
by the Madras Railway at a distance of thirty-seven or thirty-eight miles from 
Madras, a little east of Arkonan junction. The outcrop extends from north to 
south for about 35 miles, being interrupted only for short distances by the alluvium 
of the Naranaveram (Narayanavaram) and Nagari rivers, which divide it into three 
more or less equal portions, near Sattavedu, Alikur and Pyanur, respectively. The 
width of each of these portions is from five to six miles. In all of them, the sand¬ 
stones of the Gondwana system rest for the most part on Archaean gneiss but in 
one instance on Cuddapah rocks to the west, and disappear eastwards beneath 
laterite and alluvium, large outliers being scattered over the Gondwana sandstones. 

Considering this tract as a whole, the northern portion consists of the Sattavedu 
group, made up chiefly of coarse compact conglomerate. This occupies the whole 
of the Sattavedu area north of the Narnaveram river, and the greater portion 
of the central Alikur area. The southern portion of the latter, as well as the 
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whole of the area near Pyuanr, eontii of the Nagari river, is cosnpoeed of Aalee^ 
sandstones, uncompacted conglomerate, and boulder beds, belonging to the Sriper* 
matur group; the boulder bed is always found at the base. 

The next outcrop is that of Sripermatur, situated southeast of the Pyanur area 
and separated therrfrom by the alluvium of the Cotteliar (Korttalaiyar) river and 
an expanse of lateritic gravel. The length of the outcrop from north to south ia 
about fifteen miles; the width in the north is about nine miles but diminishes to the 
south. The Gondwana area is surrounded by lateritic gravel, but metamorphic 
rocks appear here and there through the superficial covering, whilst inliers of the 
Gondwana show that these beds exist in places beneath the laterite. The base 
of the Gondwana deposits is nowhere seen. The whole of this tract is composed 
of the Sripermatur group ; to the northward, shales prevail and rest upon gritty 
sandstone, but in the southern portion of the area coarser beds are found. Some 
of the argillaceous beds show a slight tendency to cone»in-cone structure. The 
plant remains and the associated marine fossils have already been described. 

Outliers of these rocks to the south and southwest are numerous but of small 
eixe. One group of nearly thirty—*none of them exceeding two miles in length 
and the majority of them far smaller—is scattered over the country southeast of 
Oonjevaram. Another group of rather larger patches extends nearly in a line,, 
from north to south, to the west of the main road from Madras to Trichinopolv ; 
the largest and most southerly, which is about four miles along and close to the 
southern border of the Ghingleput district is crossed by the road, All of them 
consist of Sripermatur beds. 

XI.-THE UTATUR PLANT BEDS OF TMCHINOPOLY* 

From the boundai^ line separating Chingleput from South Arcot, there ia 
again a gap of over ninety miles throughout which no GU>ndwana outcrops have 
been observed, until the Trichinopoly district is reached. Here there are several 
isolated occurrences along the western edge of the Cretaceous outcrop on the north 
side of the Gauvery or Coleroon river. They all rest upon the Archaean to the* 
northwest, and dip to the southeast under the marine Cretaceous beds, which lie 
upon them, generally with considerable unconformity but sometimes with no visible 
discordance. The Gondwanas consist of the Utatur Plant Beds, which had been 
extensively denuded before the deposition of the Cretaceous rocks of this area.. 
They crop out in five distinct exposures, the most northerly lying between Peram-^ 
balur and Ariyalur, whilst the southernmost is close to the village of Utatur. The 
whole distance from northeast to southwest over which they are distributed ia 
about 14 miles; the three most southerly outcrops are close together, and form 
a nearly continuous fringe to the Cretaceous sediments for a distance of six or 
seven i^es. 

The Upper Gondwanas of Trichinopoly consist chiefly of soft sandy clays and 
micaceous shales, grey and brown in colour, and at the base coarse ferruginous 
sandstone containing pebbles and large blocks of gneiss derived from the immediate 
neighbourhood; the basal bed is occasionally absent. The gneiss upon which the 
rooks rest is always greatly decomposed. Plant remains, principally of PtilophyUum 
aeuiifoUumf occur here and there, but the impressions are rarely well preserved.. 

Signifleance of the East-Comrt Gondwana occurrences.—The Upper 
Gondwana beds of the Coromandel coast derive their main interest from their 
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MiooiAtion with beds oontainmg marine fossils, an indication that, tmlike the 
Gondwanas of most other localities, they were deposited on or near the sea-shore. 
The plant beds may be deltaic or lagoon deposits, and the succession as a whole 
affords clear evidence of the immediate proximity of an old shore line parallel and 
very close to the present Coromandel coast. 

The beds occur in four groups of outcrops. Two of these groups are continua* 
tions of long riverine tracte, one along the Mahanadi valley and beyond for some 
hundreds of miles, the other extending up the Godavari for a distance of similar 
magnitude. This being so, it is permissible to ask whether the other two groups 
of coastal sediments are not also deltaic remnants of similar riverine tracts, prac¬ 
tically all of which have been removed by denudation. Those grouped around 
Madras are distributed on both sides of the Palar river ; the latter, although now 
of much smaller size and importance than either the Mahanadi or the Godavari, 
seems formerly to have been of considerably larger dimensions, judging from the 
extent of its alluvial deposits and the distance they penetrate the gneiss westwards. 
The Trichinopoly outcrops adjoin the delta of the Cauvery, which possesses a still 
larger expanse of alluvial sediments stretching up the valley westwards for over 
120 miles. No relics of these hypothetical Gondwana rivers, however, have 
been found on the more central tracts of the Peninsula. 

The Kota stage of the Gfodavari valley appears to be represented in northwest 
Geyl<m. 


Xn.-LOWER NARBADA VALLEY. 

Close to Barwai on the Narbada, about a hundred miles below Hoshangabad 
and eighty or ninety miles west and a little south of Lokartalai, are some coarse 
conglomerates with a matrix of clay, occurring beneath another conglomeratic 
band containing oyster shells. The latter, which belongs to the Cretaceous Bagh 
beds, is unconformable to the lower conglomerate, which is of small thickness, 
rests upon the Bijawar rooks, and has been spoken of as Mahadeva; no trace of 
any Lower Gondwana beds can be detected. 

Conglomeratic beds, somewhat similar to those of Barwai, have been traced 
at intervals throughout a considerable area to the eastward between Barwai and 
Hindia, intervening between the base of the Trap and various rocks such as the 
Vindhyan, Bijawar or gneiss. These conglomerates, however, appear to be,, 
as a rule, of later date than the Mahadevas and to represent the Lameta group. 
Purther west is the Nimar Sandstone underlying the Bagh fossil beds. 

That these conglomerates and sandstones beneath the marine bands of the 
Bagh series may be of the same age as some of the Upper Gondwana sedimenta 
is not improbable, though they may not be as old as the Mahadeva. Whether 
the term, Gondwana, is suitable for fresh-water deposits formed under slightly 
different conditions is a matter of individual opinion and not of much importance. 
The rift or fault which seems to have initiate the Narbada valley was of con¬ 
siderably later date than the bulk of the faulting which took place during the 
Gondwana era, and produced a river flowing westwards instead of to the east 
or southeast. For these reasons, the Narbada deposits are dealt with under the 
heading of Cretaceous and not that of Gondwana. This is an arbitrary distinc¬ 
tion, nonetheless, for the Umia beds of Cutch have been described under the hea^'ng: 
of Gondwana, following previous custom. Some limit must of course be given 
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to the term, Gondwana, otherwise it might be not illogioallj used to embrace saoh 
formations as the Lameta, Oaddalore, and even the aido-GaRgetio alluviam. 

Xin.-~CUTCH AND KATHIAWAR. 

The Umia beds of dutch, which have been described in detail in earlier pages, 
lie on the western side of the old watershed, and include plant beds associated 
below with beds containing marine fossils of uppermost Jurassic age, and above 
with beds containing fossils of Lower Cretaceous (Aptian) age; the Umia beds 
themselves, therefore, are probably of Lower Cretaceous age. The Upper Oond- 
wanas of Kathiawar are perhaps not quite so young but are not older than the 
Jabalpur series. 

XIV. —IDAR AND RAJPUTANA. 

The Ahmednagar Sandstone, probably the equivalent of the Nimar Sandstone 
of the Narbada valley, is known to be of Lower Cretaceous age, and corresponds 
to the top of the Oondwana succession. 

In Rajputana are found the only examples of Lower Gondwana rocks to be 
seen on the western side of the Aravalli watershed. Here the Bap boulder bed 
is equated with the Talchir boulder bed, and the plant-bearing Lathi sandstones, 
up into which the Bap bed passes, would appear to correspond to much of the 
Damuda series. In Rajputana, the highest horizons of the Upper Gondwana 
nre thought to be represented by the Barmer Sandstone. 

On the western side of the Aravalli watershed, it is not possible to group th^ 
scattered Gondwaxia exposures into riverine tracts of lines of basins, and thei^ 
relationships to one another are obscure. 

XV. -GARO HILLS OF ASSAM. 

Recently, Damuda rocks have been recognised by Dr. Fox at Singrimari in the 
Garo Hills of Assam. These consist of Barakar-like sandstones and carbonaceous 
shales with lenticles of coal and numerous impressions of YerUbraria Mica. The 
sandstones, which dip westwards into the Jinjiram river, are intruded by dykes of 
dolerite^. Whether this exposure is connected in any way with that of the 
Rajmahal area, it would be difficult to say; it is not on the line of the Damuda 
valley. The exposures in the eastern Himalaya are about the same distance 
away as the Rajmahal outcrops. 

XVI.-EXTRA-PENINSULAR OCCURRENCES 

Salt Range, Himalaya and Hazara.—The exposures in the Salt Range 
of the Punjab and in the Himalaya of Damuda roclm with coal seams or plant 
impressions have been described in some detail in Chapter XX. The occurrences 
in the Salt Range and Kashmir, associated as they are in the former area at least 
with the Talchir boulder bed, belong to a river or rivers of unknown direction; 
all that can be said is that the drainage of this region in Lower Gondwana times 
probably flowed either towards the north or towards the west, since it lay on the 
northwest aide of the Aravalli range, the main watershed of the Indian portion 
of Gondwana land. The Damudas of the Salt Range and Kashmir, as proved 
by their association with marine Permian beds, are of estuarine or deltaic origin 
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and indicate the immediate proximity of a coast—part of the northern coast 
of the continent. This portion of the coast became greatly disturbed by volcanic 
outbursts which continued throughout the earlier half of the Gondwana era. 
The presence of the Blaini Boulder Bed, the presumed equivalent of the Talchir 
Boulder Bed, not only in the Simla hills and Hazara but also in Garhwal and 
possibly below Darjeeling, is proof that glacial conditions prevailed along the 
north coastal regions of the coninent, on both sides of the termination of the old 
Aravalli watershed. The discovery of what is believed to be representatives of 
these glacial beds in the northern parts of Sikkim shows that the ice-covered 
land stretched in this direction beyond the present site of the Great Himalaya 
range. 

As to the coal-bearing Damudas of the Darjeeling district and other parts of the 
eastern Himalaya, it would be idle to speculate at the present stage of our knowledge 
what their relationships are to the occurrence in the Garo Hills or to those in the 
Rajmahal area, or of what particular old river valley they are relics. No less than 
ten seams of coal, each over five feet in thickness and containing less than 22 per 
cent, of ash, have been recognised in one section of the Darjeeling area; were 
it not for the extremely friable nature of the coal, which has evidently suffered 
seriously from the Himalayan disturbances, and for its rapid variation in thick- 
ness, its exploitation would no doubt have been more successful than it was during 
the last five years of the preceding century. 

Afg^Eoistan and Burma.— It is worth noting that the Saighan series of 
Afghanistan, with its well preserved plant remains, corresponds in age to some part 
of the Upper Gondwana division of Middle Jurassic age, but belongs to the northern 
or Angara continent. To Angaraland also belong the Loi-an coal measures of 
Burma, which are equivalent in age to the Rliastic or Lower Jurassic portion to 
the Gondwana succession. 



CHAPTER XXIV 

THE GONDWANA CONTINENT. 


Introduotion.— Australia : Victoria; New South Wales; Queensland; Western Australia; 
North Australia; South Australia; Central Australia; Tasmania; Conations in Australia; 
New Zealand. South Africa^ Tropical Africa. Madagascar. South America. The Falkland 
Mmds. Antarctica. Land connection between India and other parts of the Gondwana 
continent Causes of glaciation. Evolution of the World’s floras. The Northern province. 
Character of the Olaasopteria flora. Northern types in the Southern province. Southern types 
in the Northern province. Communication between the Northern and Southern continents. 
The Geography of Asia from Upper Carboniferous times to tiie end of the Trias. 

Introduction. —Since the last edition of this Manual appeared, the science of 
Palmobotany has made considerable strides and it has become possible to make 
use of plant remains for correlation and taxial purposes with a little more con¬ 
fidence than it was when W. T. Blanford complained that '"in the Gondwana 
we have a Bhmtic flora overlying a Jurassic flora, and a Triassic fauna above 
both These and other paradoxes have been corrected by further experience 
and were the result, perhaps in some cases of hasty determination, but mostly 
of the scanty and disconnected character of the vegetable remains. Change 
after change has been found necessary until today most of the Gondwana sequence 
has been correlated in some detail and with some degree of reliability not only 
with rocks of the same floral province in Australia, South Africa and South America 
but with those of a different province in Europe and North America. The recently 
proved Lower Cretaceous age of the Upper Gondwanas of the Coromandel coast 
may necessitate some farther readjustment, unless the plants therein are shown 
to be derived. This proof rests upon the evidence of ammonites which, though 
few and fragmentary, are sufficiently determinable to warrant the above oon- 
cfaision. For the original idea that the East Coast beds belong to the Jurassic 
as their plant remains appear to do, the responsibility would seem to rest not so 
much on the palssobotanists as upon the palssontologists who misidentified oue of 
the ammonites as ^^Stephanoceras opia'^ and assumed that Trigonia smeei did not 
range above the Jurassic. 

The age of the various subdivisions of the Indian Gondwana system has been 
dealt with in each sub-section of the previous chapter, and indicated on the corre¬ 
lation table on page 924-5. The evidence in favour of an Upper Carboniferous 
age for the glacial epoch in India has been summarised by Sir Thomas Holland^ 
and is supported especially by certain bands of marine fossils found in the Aus¬ 
tralian sequence,* and by an association of the Olosaopteris flora with Carboni¬ 
ferous forms such as Lepidodendron and Sigillaria in South Africa and South 
America. 


^ Prea. Addr. Sect., C. BriL Asa., montresl 691 (1884); reprinted, Rec, XVIII32 (1885). 
t Q. J. G. 8., LXXXIX, bdv (1933). 

* This has been recently challenged by Baggatt and Fletcher {Bee. Auatral. Mua. XX, 150 
(1937). who olaim that it is ‘*no longer possible to maintain that Eurydenama eordaium and 
E. hAorUnae mark two distinct stratigraphical horixons in Australia*’, and prefer to draw the 
boottdaiy between the Carboniferous and the Permian at the base of the Talohir. 

(1074) 
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Spaoe forbids a survey iu detail of the numerous counterparts of the Gondwana 
aystem which have been found iu many parts of the southern hemisphere and which 
form contributions to what is now a classical story. At the same time, it is im¬ 
possible to follow properly the geological history of India from the end of the 
Carboniferous to the beginning of the Cretaceous without some comprehensive 
outline of the extent and character of the great Gondwana continent of which it 
formed a part. The copious relics of this ancient land, and the immensely wide- 
spared character of its climate, its flora and its fauna, render its study one of the 
most absorbing chapters in geological history. Over a vast region including 
parts of India, Australia, South Africa and South America, we have evidence of 
an almost continuous succession of plant-bearing, fresh-water sediments, beginning 
in late Palaeozoic and continuing on through the greater part of Mesozoic times. 
All these regions exhibit a remarkable community in lithological character and 
conditions of sedimentation. Everywhere this continental succession was ushered 
in by glacial conditions, and everywhere a general desiccation accompanied by a 
warmer climate towards the middle of the era was marked by the advent of innu¬ 
merable reptiles. The final phase was one of disruption and volcanic effusion on 
■a scale which can only be described as colossal. 

Australia.—The earliest discovery outside India of rocks comparable in facies 
and age to those of the Gondwana was made in South Australia in 1859. Here 
Dr. Selwayn found boulder beds precisely similar to those of the Indian Talchir. 
Since then many other examples have been found and a very large portion of 
Australia, including the island of Tasmania, has been shown to be occupied by 
;glacial deposits and superjacent plant-beds homotaxial with those of the Indian 
Lower Gondwana. 

Victoria.—From Bacchus Marsh in Victoria a limited flora, consisting of 
4}angamopt€ri8 angustifolia, G. cyclopteroides and a Schizoneura, has been obtained. 
This in itself would suggest a correlation of the Bacchus Marsh with either the 
Talchir or Karharbari beds, but there is further evidence in the presence of large 
blocks of granite and pebbles of rocks which must have travelled long distances, 
embedded in a fine-grained matrix of mud. These beds, lying in many cases 
upon a heavily glaciated surface, consist of tillites and glacial mudstones, with a 
total thickness of over 1,600 feet. This fact, combined with the palssobotanical 
evidence, justifies us in regarding the beds as the equivalents of the Indian Talchirs. 
In this stage, which correspond to the third or Lochinvar glacial stage of New 
South Wales, there is evidence of widespread and intense glaciation; the cappin, 
of 30 feet of sandstone, with its abundant Gangamopteris impressions, follows 
with perfect conformity. Most, if not all, the Damuda equivalents are present, 
nnd higher in the sequence come Triassic shales with Schizoneura. In the same 
province, the Mesozoic Coal Measures have yielded a copious flora comparable to 
that of corresponding beds in the Upper Gondwana; this flora includes the Indian 
species, ThinnfeUia odontapeteroidesy T, {f)indicay Tceniopteris spcUulata^ Elatoda 
4 u 8 plana, E. conferta, and a variety {arntrodica) of Coniopteris hymnophylloides. 

New south Weles.—In New South Wales there is a much better and more 
•complete section which is in fact the standard one for Australian geology, so far as 
the period under consideration is concerned. The sequence there includes the 
following groups: 
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JurMBio 


Trias • 


fTibooburra bed • 
^Talbragar aeries. 


: } 


rWianamatta series. 

Hawkesbury Sandstone. 
(^Karrabeen series. 


Olarenoe series. 

(Basal Olarenoe-Bhatio). 


Permian 


'Upper Goal f Newcastle Coal Measures. 

Measures, i Tomago Coal Measures (including the Demp^ 
^sev beds.) 

. unccmformity, 

. Upper Marine series. (Fifth glacial horizon, A A B). 
Lower or Greta Coal Measures. 

Upper part of the Lower 
Marine series. (Fourth glacial horizon). 

... .slight transgressional hreah. 


Upper Carboniferous (Uralian) Liower part of Lower Marine fLochinvar Marine sta^. 

series. J Lochinvar glacial beds#. 

(Third glacial horizon). 

phytological and facies break. 


( Main Glacial state (with 

Rhaeopteris flora). (Second glacial horizon). 

Volcanic stage (with Lepido^ 
dendron, Vlodendron and 
(MoscoVian) -I pitys). 

Basal ("Minor glacial horizon. First glacial horizon.- 
stage. 4 Wallsrobba con- 

(^glomerates and tuffs. 

Lower Carboniferous . . Burindi series; marine strata 

(Dinantian) with Lepidodendron veUhei- 

mianum* 

In the 10,000 feet of rocks allotted to the Kuttung series we have record of ar 
period of severe volcanic activity, with recurrent quiescent intervals during which 
the valleys were occupied by glaciers. The sediments associated with the tillite* 
at the top of this series have yielded leaves of Rhaeopteris and Oardiopteris and 
oasts of ArchoBocalamites. The only member of the Zygopterideoe, known in the 
southern hemisphere, Austrodepsis [Gkpsydropsis] australis (Osbom), has been 
found lower down in this series, but not less than 2,000 feet above its base.'. With 
the higher portions of this series is to be correlated the Po series of Spiti in north¬ 
ern India. 

Marine beds are important on account of the marine fossils they contaiu 
and indicate a southward extension of the Tethys Sea. These beds, and especially^ 
those immediately associated with the Greta Coal Measures of Stony Creek, are 
composed of a fine-grained matrix of sand or shale, enclosii^ numerous delicate* 
Fenestellae and bivalve shells with their valves still united. Scattered through 
the matrix are numerous sub-angular blocks of rocks, of all sizes, ranging up to- 
ten feet in diameter, some of which exhibit glacial striae. The lower of the two 
glacial beds belonging to the Upper Marine series contains large dumped boulders 
encrusted with Penestellidae. The undisturbed condition of the bivalves and 


»B. Sabni. Phil. Trans. Roy. 8oe. Land., B, Vol. 217, 1-37 (1928 ); B. Sahni. New phyto^ 
ligist, XXXI, 270-278 (1932). 
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other fossilB proves as conclusively as does the texture of the matrix in which 
they are so well preserved, that the shells and polyzoaries could never have been 
exposed to a current of any appreciable rapidity, but are the remains of animals 
which lived and died and were tranquilly preserved where they are now found. 
It was no swift torrent which carried these boulders and deposited them where 
they now rest, for to move even the smallest of them would require a current 
that would have been strong enough to sweep away the fine material in which 
they are embedded, and would have destroyed the delicate fossils with which they 
are associated. They must have been floated to their present position and dropped 
on to the bottom of a tranquil sea. Taking into consideration their abundance as 
well as the distinct traces of glacial action that some of them show, the only 
agency which can be appealed to seems to be that of floating ice-bergs, and we 
may therefore conclude that, in New South Wales, the ice sheets of this epoch 
reached the sea and discharged their burden of moraine upon the fine silty bottom 
of an ocean in which a marine fauna flourished and died in situ. 

Near the base of the upper part of the Lower Marine series occur species of 
Eurydesma, a genus represented, as we have seen, in the Conularia stage of the 
Nilawan series of the Indian Salt Range ; the equivalence of the Lower Marine 
Glacial stage (Lochinvar Glacial beds) to the boulder bed at the base of the Nilawan 
series, and the close alliance of the faunas from the two areas have already been 
referred to (page 752). In the Lochinvar Marine stage occur the oldest known 
examples in Australia of Gangamopteris. The Lochinvar beds, as a whole, appear 
to correspond closely with the Talchir stage of the Indian Gondwanas. The 
Greta Coal Measures consist of a comparatively thin band of sandstones and coal, 
intercalated between the Lower and Upper Marine beds, and contain a restricted 
flora which includes four typical Indian species: Gangamopt^eris cyclopteroides^ 
0. angustifoUa^ Glossopeteris indica and Cordaites (Neoggerathiopsis) hislopi. In 
places, however, these Coal Measures are interbedded with 2,000 feet of volcanic 
rocks. The Upper Marine series has yielded some fossil wood referable to 
Dadoxyhn and some *‘fucoid” markings. Straphalosia clarkei is especially 
abundant in the Upper Marine series of New South Wales. 

The unconformity between the top of the Upper Marine series and the base of 
the Upper Goal Measures is pronounced and in one place represents an erosion 
of some 4,000 feet of strata. Glossopeteris fronds and cordaitean trees, mostly 
Dadoxylmy are found in the Tomago series. The same trees in the Newcastle 
stage reach dimensions of three feet across and about 120 feet in height. On 
several horizons in this stage fossil forests have been recorded, with trees in an 
erect position and roots spreading near the surface of the coal seams, preserved in 
many cases by the volcanic ashes which killed them. That the Newcastle stage 
belongs to the top of the Permian is indicated in the first place by its remarkable 
assenmlage of fossil insects, preserved largely by the agency of the rhyolitic tuff, 
and in i£e second place by its labybrinthodonts, Bothriceps australis and J3. 
mq/of, fbrms akin to the Brachyaps laticeps of the Indian Damuda. The flora 
of the Dempsey is very similar to that of the Newcastle stage which includes the 
following fonns 
Algae^ 

Bevnsehia australis 3ertr. ft Ren., 

Pita auHrslis Brongn. 

Sahiil. Pros. ISth Ind. 8ei. Congr., Chart m (1926). 

• GSt/64 


3g 
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Eqiiisetales— 

Sdwwntura goniwan/ensia Feistm., 

PhyUoiheea australia Brongn., • 

„ deltgueacetu (Goepp.), 

„ etheridgei Arb. 

.Fteridoq>ermae and Filioales— 

Glossopteris browniana Brongn.» 

„ indica Sohimp., 

„ ampla Dana., 

Verte6raria australis MoCoy (?«V. indica Boyle.;, 

Ckmgamopteris cyclopteroides Feiatm., 

„ angustifclia McCoy., 

Sphefkopteris polymorpha Feistm., 

„ lobifolia Morr., 

„ (data Brongn. sp. 

ordaitalea— 

Gordaites {Noeggeraihiopsis) hishpi Bunb., 

Dadoxylon atberi Sew.^ 

tnoertae sedis— 

Cordaicarpus ap. 

Not only are there close specific relationships with the Damuda flora but there 
is a general resemblance in the type of the floras as a whole; the principal and more 
oharacteristic genera of the Newcastle beds are represented in the Damudas, and 
in both formations the genus Glossopteris constitutes about one-third of the total 
number of species. Tbe palseobotanical evidence would of itself be sufficient to 
justify the correlation of the Newcastle with part of the Damuda series and, bearing 

in mind the general position of each with regard to the glacial beds lower down in 
the sequence, it becomes certain that the two coal-bearing series must be to a 
large extent equivalent. 

The Trias in New South Wales is represented by the Narrabeen series, the 
overlying Hawkesbury Sandstone, and the Wianamatta bedB,> all of them plant 
bearing and corresponding to the Fanchet in India. The succession which followed 
the Marine series, induing the Tomago, Newcastle, Narrabeen, Hawkesbury, 
^and Wianamatta, are thought to represent epochs of great fresh-water lakes, river 
flats and swamps. The Upper Permian and Trias of Australia have furnished 
a unique collection of fossil insects which include : dragonflies in abundance, 
oockroaches, beetles, silky lace-wings, caddis flies, house flies, scorpion flies, stick 
insects, locusts, silent cicadas, grasshoppers, and a large moth. The labyrin- 
thodonts of the Australian Trias are not numerous but include Platyeeps vmkin- 
soni which is perhaps a young individual of the Indian and South African 
BatratAoswAus. 


^Bqdvalent to daitUreei Qhapm. (B Sahni, Joum, Ind, Bot, Yi* 

108 ( 1026 }]. 

^oliowiug Barid & SiUBmildbu B. Sahni, howeyar, calls attention to the fact that pakBO* 
botanioa]hr:tho .lMM9e of the Manabeea fonaation is still a part of the PalMosCic (Proc, l$th Ind, 
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The sequence in New South Wales differs, however, from the Indian in certain 
particulars which are of great interest and importance. In the first place, there 
-are no less than five glacial horizons of late Palaeozoic age, the youngest separa¬ 
ted from the oldest by a thickness of at least 11,000 feet, or, if maximum thick¬ 
nesses be taken 15,000 feet. In the second place, the first of these five glacial 
epochs dates back to the basal stage of the Kuttung series and is, therefore, to 
be correlated with the base of the Middle Carboniferous ; it is a glacial horizon 
of minor importance, occurring considerably earlier than that of the Talchir or 
than the advent of the Glossopteris flora. The Kuttung series passes down with no 
angular unconformity into the Burindi, a series with an abundant marine fauna of 
Lower Carboniferous age. .The middle stage of the Kuttung, a series deposited 
under terrestrial conditions, contains remains of Lepidodendron, Ulodendron^ 
Austroclepsisj etc. Occupying the top of the Kuttung, the succeeding glacial stage 
which is some 4,700 feet in thickness and is the principal glacial stage of the Austra¬ 
lian sequence, is associated with a Rkacopieris flora—a widely distributed plant 
assemblage which preceded the Glossopteris flora in the southern hemisphere 
and was supplanted thereby. The level of this second glacial horizon, which 
was characterised also by intensive volcanic activity, is equated with the upper 
portion of the Middle Carboniferous. 

It is the third or Lochinvar glacial horizon, forming the basal 300 feet of the 
Lower Marine series in New South Wales and the equivalent of the top of the 
Upper Carboniferous, which corresponds to the Talchir in India. Not only does 
this boulder bed mark a strong phytological break between the Lepidoderidron- 
Rhacopteris flora below and the Ganffamopteris-Glossopteris flora above, but its 
dominant boulders and pebbles are of different material from that of the majority 
of the Kuttung debris ; it also marks a change back from terrestrial and fresh¬ 
water to dominantly marine conditions. 

Above the Lochinvar marine beds, which are some 2,400 feet in thickness, and 
forming the base of the upper part of the Lower ]!>Iarine series, the fourth glacial 
horizon is represented by glacial enatics in the Annandale conglomerates, in which 
stage the lamellibranch, Eurydesma cordatum, is abundant. The Lochinvar series, 
though dominantly marine, contains in some localities examples of the Gangamo- 
ptefis-Glossopteris flora. The fifth glacial horizon, consisting really of two well 
marked zones in close proximity, is found above the Greta Coal Measures with 
their glossopterids. 

Queensland. —Queensland also possesses a representatives succession of beds 
equivalent to the Gondwanas. The approximate equivalent of the Damuda or 
Permian is here known as the Bowen series, the Trias and Bhsetic are represented 
by the Esk and the Ipswich series, and the rest of the Jurassic by the Walloon 
series. In Queensland the plant-bearing beds continue up into the Lower Creta¬ 
ceous. 

In this province three glacial epochs have been recognised. The oldest of these 
corresponding perhaps to the Talqhir, is represented by glacial erratics in the 
marine Qympie series, which is characterised by the productid, Pustula^ species 
of Pfotoretepora, and numerous Stenopora, The Gympie series and the underlying 
Dinner Greek beds with their early Glossopteris-Gangamopteris flora, occur below 
the Bowen series and are regarded as of Upper Carboniferous age. Forming title 
base of the Lower Bowen is the second glacial horizon, associati^ with banka of 
JEuff/desim corda/tam and above, it come the Olossopte^s shales and small coi^ 

88a 
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seams of the Srpingsure beds which are interstratified with marine sediments. 
The third glacial horizon forms part of the Middle Bowen with its marine fossils 
(including Straphalosia darkei and the brachiopod, Derbya) and dumped glacial 
erratics; the Middle Bowen is the equaivalent of the Greta Coal Measures and 
Upper Marine series. 

Western Australia. —The sequence in Western Australia is also relatively 
complete, and the Glossopteris flora has been found in the Collie River Coalfild, 
at the Gascoyne River, and in other localities. In Western Australia the Talchir 
horizon is probably represented by the glacial beds of the Irwin river and of the 
Elimberley region ; in the latter case these glacial deposits are associated with 
beds containing Dadoxylon, not only above but also below, in the position of growth. 
Some small glacial erratics are, however, found above the Irwin River and Collie 
River Coal Measures in which occur Glossopteris and Gangamopteris in some abun¬ 
dance as well as other members of the flora. An interesting marine fauna, an 
element of which is a bank of the cephalopod Paralegoceras —including the species 
P.jfacJboni—has been obtained from strata immediately below the Irwin River 
Coal Measures and is believed to indicate an Upper Carboniferous age. From 
a horizon in the Arthur River beds of Western Australia have been collected 
the remains of a shark which, if not belonging to the genus Toxoprion, is a species 
of Helicoprion a genus found in the Artinskian of Russia, in the Lower Permian 
of Japan and in the Upper Froductus Limestone of Chhidru in the Indian Salt 
Range. 

North Australia.—In north Australia the Greta Coal Measures are represented 
by black shales with Glossopteris and Cordaites {Noeggerathiopsis), underlying 
beds with marine fossils belonging to the Upper Marine series; the polyzoan, 
Dyhowshiella geei, belonging to agenus characteristic of the Froductus Limestone 
of the Salt Range, is frequent and well preserved in these strata. 

South Australia.—Glacial beds of the Talchir horizon, lying upon heavily 
glaciated pavements, are to be seen in the Inman valley of South Australia, as 
well as some infaulted beds (Leigh’s Greek) which have yielded a Triassic flora. 
No relics of the Glossopteris flora have so far been found in this province. 

Central Australia.—Glacial deposits, presumably belonging to the period 
under consideration, cover several square miles in the Finke valley near Crown 
Point in central Australia. The Glossopteris flora has been noted at Yellow Cliff 
in the interior of the continent. 

Tasmania. —In Tasmania the Wynyard glacial beds, 1,200 feet thick, are 
presumably the equivalents of the Talchir; amongst the tillites themselves have 
been fouiul two or three glaciated pavements. Glacial erratics are also to be 
ol^rved, associated with the Butyiearm cordotym banks, in strata corresponding 
to 1^6 Lower Marine series, and are to be found idso in the Upper Marine series, 
aboTO the coal measures which are the equivalents of the Greta Goal Measures. 
These coal-bearing beds are the Mecasgr River Goal Measures of Lower Permian 
age^ which have yielded three or four ^^ies of Okesopteris, the two mosteharao- 
ieitktk Inid^n epeoks at OasigtHnopiem Ootdtuiei 

HoeggyrMippsi^ In the Boss SandstozM, whiobfoKm 
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the bulk of the Lower Trias, occurs the oldest known Australian reptile, one of the 
Captorhinidae. 


Condhions fn Australia. —In the opinion of David, the late Palssozoic ice 
of Australia originated in and radiated from a plateau southwest of Tasmania and 
to the southeast of Adelaide, moved over a land surface of comparatively low 
relief, and crossed some of the pre-existing valleys nearly at right angles^ Sum¬ 
marising, we may conclude that glaciation in Australia was on a very extensive 
scale. As already mentioned, cases have been observed of glacial pavements 
within the tillites themselves. According to David, the bands of sandstone, con¬ 
glomerate and shale, which are interstratihed with the tillites, exhibit proof of 
contemporaneous erosion, attributed to the pressure of glacier ice, to the grinding 
of ice-bergs or to the melting of subsequent sheets of ice and snow.^ In Australia, 
as in other parts, the ice was present in the form of both land ice and floating 
ice. Proof of the former is seen in the pavements and roches mouUmnies^ and of 
the latter in the glaciated erratics and the ripple-marking on some of the inter¬ 
calations in the tillites of Bacchus Marsh and Tasmania, and in the compositional 
variation of the groundmass of the tillite according to the composition of the sub¬ 
jacent rock. Evidence is to be seen here and there of the southeastern shore of the 
ancient Tethys Sea. The various stages of the Gondwana equivalent in Australia 
show the same overlap and transgression as they do in India. 


New Zealand.- It is highly probable that the Glossopteris flora is present 
in New Zealand, for the fossil frond therefrom described under the name of Lingui- 
folium is considered by more than one observer either to belong to the genus 
Glossopteris or to be closely related thereto. 


South Africa.- ~Iii South Africa we again find the Gondwana system represented 
in beds of great interest and importance, attaining a maximum thickness of well 
over 20,000 feet, excluding volcanic rocks. A concise account of the Gondwanas 
of South Africa is to be found in Dr. Du Toit’s manual (“The Geology of South 
Africa”, Ist Edit. 1926 & 2nd Edit. 1939), from which much of the following 
information is derived. Marine fossils are completely absent except in parts 
of South-West Africa. In Cape Colony, Natal, the Transvaal and the Orange 
Eiver Colony, the Karroo system, as it is called, consists of fluviatile or lacus¬ 
trine sandstones, and shales, with interbedded seams of coal resembling that 
of the Damudas in its laminated structure. Occasionally an old land surface 
with spreading tree roots can be made out.3 This sedimentary sequence has 
been invaded by sheets and dykes of dolerite, corresponding to the similar 
dyk^ in the Indian Gondwanas. More important, as we shall see, than the 
mineralogical resemblances are the similarities showm by the fossil floras and 
faunas of the two countries. 


^OJR. Congr. geol. iniermt. Xe, 450 (1906). 

‘J&td., 449. 

^.T. Mellor and T.N. Leslie. Trans, Geol. Soc, S. Afr., IX 126(1906). 
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With regard to its distribution and relations to older rocks, this fresh-water 
formation occupies a very large tract of dry lands in the interior of South Africa 
drained by the Wd-waters of the Orange river and its southern afELuents, and 
of the principal rivers which debouche on the south coast. Bocks of a similar 
character have been observed in South-West Afnca, along the margin of the 
Kalahari desert, over parts of Bhodesia, Portuguese East Africa, and regions 
further north in central Africa. Through overlap by successive stages there is a 
general thinning of the system in South Africa from south to north. Over the 
whole of the area in South Africa, the beds in general lie horizontally—except 
along the southern margin where the lower members have been disturbed—and 
^ve rise to large, flat, desert plains known as karroo, from which the system derives 
its name. In early Mesozoic times the greater part of South Africa was probably 
covered by strata belonging to one or other of the Karroo stages but, as we have 
suggested in the case of India, deposition is presumed to have taken place in 
distinct basins. 

Between the Great Fish river and the St. Jhon’s river, the Karroo beds extend 
to the east coast; elsewhere they are separated from it by a series of ranges formed 
of more or less disturbed Palasozoio strata. Among the latter the Bokkeveld 
beds contain a fauna of Lower to Middle Devonian facies, ovelan by the plant¬ 
bearing Witteberg quartzites, containing a poorly^'preser^'ed flora allied to the 
Lower Carboniferous or Upper Devonian of Europe. The Karroo system may be 
divided into the following subdivision : 


^tormberg series . 


Beaufort series 


Boca serii 


Pwyka series 


^Drakensberg V olcanio beds 
Cave Sandstone 
Bed Beds 
Molteno bods 

Upper, or Burghersdorp Beds 

Middle 

Lower 

Upper Ecca shales 
Middle Ecca Coal Measures 
Lower Ecca shales 


^Rheetio to Lias- 


Trias. 


> Permian. 


Upper Dwyka shales and' 
“White band” 




Dwyka tillite 


Lower Dwyka shales 


1 


Upper Carboniferous, 


Where the *Xower Dwyka shales” are present, they pass down without a 
break into the Witteberg series and are, in fact, more akin lithologically to the 
latter than they are to the rest of the Dwyka; elsewhere the tillite tran^ressea 
across the rooks of the Gape system and older groups ”to rest upon the Arohman 
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wUie the floor beneath it becomes uneven and in good exposures reveab t 3 ^ically' 
striated mAea fnauUmnies*^ ^ The Lower Shales are described as sediments 
deposited in the body of fresh water into which the Dwyka ice-front subsequently 
moved and dropped its included debris.* As in modern examples, the ‘btoss” 
and *^lee’^ sides of the roehea mouiotmiea can in some cases be made out. There 
are many fine examples of striated pavements underlying the Dwyka tillite which» 
in parts of Natal, can be seen resting in ravines scoured in the Table Mountain 
Sandstone and sometimes banked against cliffs of this rock. 

Represented by the boulders in the tillite, some of them of large size, is an 
immense variety of pre-Eanoo rocks, a high proportion of them consisting of 
amygdaloidal diabase, a rock from which also much of the matrix has been derived. 
Many of the boulders are striated and facetted and the majority, especially in the 
south, are characterised by a regular and close jointing. In rare instances only 
are there signs of stratification in the glacial material which for the most part is 
obviously a ground moraine. Some of the shaly beds above the tillite or occu- 
pying pockets therein are ripple-marked but, except in South-West Africa marine 
fossils are absent from the Dwyka, as indeed from all other subdivisions of the 
Karroo s]rstem. The Dwyka boulder beds are thickest in the south and thin out 
towards the north ; beyond latitude 27°S the outcrops of the Dwyka series become 
insignificant and erratic. There can be no doubt that the basal stage of the Dwykas 
resting in several places on smoothed and deeply furrowed pavements of older 
rocks, and composed of blocks of various sizes embedded in a fine-grained 
matrix precisely similar to that of the Talchirs, was formed during the 
same cold period which has left such conspicuous traces in India and Australia. 
In South Africa the ice sheets all seem to have moved with a southerly tendency 
and to have radiated from a plateau occupying what are now the Transvaal, 
Rhodesia and Orange River Colony. 

The Lower Shales have yielded fishes, Cyclodendron and a doubtful PhyUo- 
theca. Although the tillite, as would be expected, is barren or organic remains, 
impressions of Gangamojfteris cyclopteroidea have been noted in two localities 
between the base of that deposit and the underlying platform of pre-Devonian 
rocks.* From the Upper Shales have been obtained Lepidodendron auatrale 
McCoy and a species of Dadoxylon ; their marine phase in South-West Africa is 
marked by the presence of the thick-shelled lamellibranch, Eurydesma globoaum 
Dana, another lamellibranch, Aphanaia haibensis Reed, a species of Orthoceraa^ 
the gastropod Conularia, and the fishes, Acrolepis lotzi Giirich, and Namaichthya^ 
achroederi Giirich. These shales pass up into the “White Band”, a zone of white¬ 
weathering, carbonaceous and pyritic shales, with occasional casts of three species 
of the small aquatic reptile, Mesosaurus, a genus found elsewhere only in the 
Iraty shales of southern Brazil, remains of the crustaceans, Notocaris (Pygoce- 
phalua) tapscotti Broom and Anthrapaloemon sp., the fish Paheniscua capenate 
Broom, and a species of Olossopteris. The “White Band” is an important 
connecting link between South Africa and South America. 


*A.L. Du Toit, “A Geological Comparison of South America with South Africa’*, Cameg 
/nsf. IVosA, 8(1927). Am., p. 209(1929): Du Toit, “Geology of South Africa**, 2nd. 
Edit., 247 (1939). 

»A.L. Du Toit, “Geology of South Africa”, 2nd Edit., 316-316 (1939). 

‘A.L. Du Toit, “Geology of South Africa,” 2nd Edit., p. 239 (1939). 
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With regard to the age of the Dwvka, the Witteberg aeries down into which 
it passes, is considered, so far as a badly preserved flora and relies of an euryptmd 
{HoBtmma) can be trusted, to cover the time interval from about Middle Devmiian 
to Middle Carboniferous. The scanty fossils in the Dwyka series are believed to 
indicate an Upp^ Carboniferous hoiison, a conclusion which is confirmed by the 
admixture of Lepidodendron, Sigillaria and PsygmophyUum with OloaopUris 
and Gangamopteris^ found in the overlying coal measures in the Transvaal and 
Natal. 

In the southern Karroo, the White Band passes up into the Ecca series whic^ 
has yielded silicified wood and the Oloasopteris flora mingled with **norther^ 
forms”, an admixture the significance of which will appear later on ; the Ecca 
flora comprises: 

Equisetales— 

PhyUMeca zeUleri Eth. 

Lyocpodiales— 

Cyekdendron leslii (Sew.)» 

Lepidodendronpeiroanim (Carr.), 

„ vereenigingenae Sew., 

SigiUaria hrardi Brongn., 

Stigmariaficoidea Brongn. 

Ffceridospennae A Filicales— 

Oangamopteria cydopUroidea Feistm.. 

„ kaahmirenais Sew., 

Oloaaopteria browniana Brongn., 

„ indica Schimp., 

„ hrancai Gothan., 

„ reiifera Feistm., 

„ alrkUa Bunb., 

„ iortwiaa Zeill., 

Veriebrafia indka Boyle. 

Cordaitales— 

Chndwanidium {Neuropteridium) validur (Feistm.), 

Cordaitea {NoeggercUhiopaia) hiahpi (Bin b ), 

Sphenopieria sp. 

il^henophyllales-— 

SphtnophyUum obhrgifoliim Germ., 

„ apeeioaum (Boyle), 

„ thonii Mabr., 

Aakra$heea sp. 

FaeopUna -arboreacena Sdiloth., 

,, of. eyathea Sdiloth.^ 

„ hemUdiodaB Brongn., 

„ ttnito Brongn. 
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Ooniferales— 

AbUU)pUya perfomta Krftusel, 
Daioxfflfm pofosum KrAusel., 

99 rangei Kr&usel., 

99 arbf.ri Sew., 

MeduUopitys sekrotica KrAusel., 
Phyllocladopitys capenaia KrAuseL, 
Taxopitya africana Kr&usel., 
Conitea sp., 

Samaropaia Ualii Sew., 
Cardiocarpaa sp. 


Inoerta Sedia— 

PaygmophyUum hidatoni Sew., 

OUokaria Ualii Thomas. 

Elsewhere the facies varies and in some parts is closely comparable with the 
second and third stages of the Paganzo system of western Argentina, and has 
resemblances to the Estrada Nova formation of Uruguay. In New South 
Wales the equivalents are the upper portion of the Lower Marine series, 
the Greta Coal Measures and the Upper Marine series. The Transvaal and Natal 
Coal Measures are a fiuviatile and thinner phase of the Ecca. 

The bulk of the Ecca sediments, among which are many local unconformities 
and ^Vashouts”, appears to have been transported from land lying far to the 
south, the finer material for that reason having been carried farther north. With 
a maximum thickness of over 6,000 feet, the Ecca series has the following features 
in common with the Damuda ; beds of coal, beds of clay ironstone, calcareous 
concretions, the sandy and micaceous nature of the shales, and other minor 
resemblances. Some at Jeast of the Ecca coal, however, seems to have been formed 
from the growth of vegetation in situ, and fossil forests have been exposed at 
Vereeniging. 

The following is a list of forms from the Beaufort series, abstracted from 
Dr. Du Toit’s list (pp. 316-317) 

UPPER BEAUFORT (BURGHERSDORP BEDS). 

Equisetales— 

Sthizomura sp. 


PteridospermsB and FiJicales— 

NeocdUzmitea (Schizoneura) carrerei (ZeilL), 
Thinnfeldia odontopUroidea (Morr.), 

„ laTicifolia (Morr.), 

„ feiatfMiUeli John., 

„ acuta Walk., 

Danceapaia (? Thinnfeldia) hugheai Feistm., 
OdaniapUria hrowni Sew., 

CaUipteridium africanum du Toit., 
Oloaiopteria hrowniana Jdrongn. 

<*ycadophyta— 

Tatniopteria nUaaonioidea Zeill., 

„ lata Oldh., 

„ tnagnifolia (Font.), 

Pteroj^Uum of. tietzei Schenk, 

NUaimia hrowni du Toit. 
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Comiferales— 

8tr€^iU9 lamtB Sew., 

Stigmaiodendron dubiutn Sew. 

Ginkgoaks— 

Qinkgoites fnagni/dia (Font.). 

MIDDLE BEAUFORT. 

Equisetales— 

Schizoneura (fragments). 

Pteridospermn— 

Olaasopterii hrowniam Brongn., 

f» *1 var. anguatifolia Brongn. 

LOWER BEAUFORT. 

Equisetales— 

Phylhtheca zeilleri Eth., 

„ auatndia Brongn., 

Schizoneura africana Feistm., 

„ gondwanenaia Feistm. 

Pteridospermie— 

Qloaaopteria hrovoniana Brongn., 

„ „ , var. indica Schimp., 

„ „ , var. anguatifolia Brongn., 

„ ampla Dana. 

,, retifera Feistm., 

„ conapictui Feistm., 

„ eordata Feistm., 

„ atricta Bunb, 

Vertebraria indica Boyle, 

Sphenopteria cdata (Brongn.). 

Sphenophyllales— 

Sphenophyllum apeeioaum (Boyle). 

Gyoadophyta— 

Tcmiopteria (Artgiopteridium) apatulata (McClell.). 

Coniferales— 

Dadoxylon arberi Sew., 

Spiroxyhn africanum Walton, 

Eretmonia nataUnsia du Toit. 

While Olossopteris has survived, Gangamopteris has not; accompanying the 
plants in the Lower stage are the fresh-water mollusca, Paloeomutela (Archan^on) 
and Palceanodontch-two genera the occurrence of which derives its interest from 
the fact that they are found in the ‘‘Reptile Beds” of Russia—and a few fish 
remains. Out of nine species of Palceomutela identified by Amalitsky, no less 
than four, and possibly five, were found to be Russian forms; both the 
species of Palmnodonta recognised by this observer also occur in Russia.^ Three 
additional Russian species of Palaeomutela have been recognised by L.R. Cox 
from the Lower Beaufort beds of Tanganyika.* Better known than the plants 
are the numerous reptilian remains, chiefly from the south, which have made the 
Beaufort beds famous. These too show a distinct connection with the much more 


LI, 338 (1896). 
LXXXVm, 626 (1932). 
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limited Lower Gondwana fauna. The labyrinthodont, Brfichyops laHceps Owextr 
from the Mangli beds of India is closely related to MicrophoUs stowi HuxL^from 
the Beaufort beds. In the Lower stage, no less than 77 genera of reptiles are 
quoted by Dr. Du Toit, the most important being the massive Pareiasaurus^ 
Propappus and Tajnnocephalus, the sharp-toothed Titanosuchus, the Dicynodons- 
and the massive-jawed Endothiodon ; some of these have closely allied forms in the 
Permian of north Russia. In addition, in the upper horizons of the stage, are 
reptiles with pointed skulls and sharp canines such as Seymnosaurus, Lycosuchus^ 
Cynodraco, and the large amphibian Rhinesuchus. In the Middle stage, nearly 
all the reptiles belong to Lystrosaurus, a genus represented in the Indian Panchet.. 
The tiny crustacean, Estheria [Cyzicus]^ is to be occasionally found. In the Upper 
or Burghersdorp stage, the reptiles comprise the large dicynodont Kannemeyeriar 
the grotesque Erythrosuchus closely allied to the Brazilian Scaphonyx several 
cynodonts such as Cynognathus, Oomphognathus and the small Ictidopsis. The 
amphibians are interesting in that they include genera characteristic of the Trias 
ofcentralEurope, and, unlike the reptiles, therefore, bear witness to an incursion 
of northern forms. The most important are Trematosaurus, Cyclotosaurus, and 
Capitosaurus ; Batrachosuchus belongs to a faniily represented only in India and 
Australia. Plants are scarce in the Upper stage of the Beauforts, the commonest 
being Schiaoneura; from the top come Dancsopsis, Pterophyllum, Thinnfeldia 
and OinkgoiteSy the two last (and possibly the first) presaging the advent of the 
Thinnfeldia flora and characterising the overiyiug Molteno beds. 


The Beaufort beds are more sandy than the Ecca and resemble lithologically 
the Panchets of India. There are many local unconformities, and the conditions 
of deposition suggested are those of vast flats subject to periodical flooding, the 
temporary drainage channels of which have been recorded as “washouts’’. 
There are a few thin coal seams in the Beaufort series. 


The Indian Damuda series is probably the equivalent of the Ecca plus the Lower 
Beaufort, the Ecca corresponding to the Karharbari and Barakar (and Ironstone 
Shales where present), and the Lower Beaufort to the Raniganj, which is pro¬ 
bably represented in Nevr South Wales by the Newcastle series (see Table pp. 1097-8 
The Panchet series of India may be considered as the equivalent of the Middle 
and Upper Beaufort series with the addition of the overlying Molteno beds, and 
perhaps also of the Red Beds ; the Molteno is a series which has a flora markedly 
resembling that of the Ipswich beds of Queensland and that of the Cacheuta beds 
in Aregntina. The Indian Parsora stage would also equate either with the Upper 
Beaufort or with the Molteno, wliile the Tiki and Maleri beds appear to be the 
Indian representatives of the Cave Sandstone. The Trias of Europe has been 
equated with the Middle and Upper Beaufort together with the Molteno and the 
Red Beds. Prom the Molteno, which is largely a deltaic deposit, the following 
plant remains have been collected and belong to a flora not so different from that 
of the Lower Karroo as the Upper Gondwana flora of India is from that of the 
Lower Gondwana: 


Equisetales— 

Neocalamitea ('^Sehizoneura'") carrersi (Zeill). 
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PfcQridoflpermae and FilioaleB— 

ThinnfMia odontopteroidea (Morr.), 

„ lanciftdia (Morr.), 
feiatmantdi John, 

„ itcuta Walk., 

„ mrrabeenensia Dun (M.S.), 

Fterophyllum inconatana (Braun.), 

„ mtiUilineaium Gepp., 

Paeudodenia capenaia du Toit, 

,, carteriana (Oldh.), 

,, lanciformia du Toit, 

„ apatulata du Toit, 

Tcaniopteria earrtUherai Ten.-Woods, 

„ bra>ckebuachiana Kurtz, 

„ craaainervia (Feistm.), 

„ (Angiopteridium) apatvlaJta Me Clell. 

Oyoadophyta— 

CaUipteridium africanum du Toit, 

„ atormhergenae Sew., 

CladophUbia nebhenaia Brongn., 

„ {Toditea) gdppertiana (Schenk), 

„ ^ „ rbaaerti (PresJ.), 

€!h%rapteria copiapenaia Solms, 

„ euneata (Carr), 

„ zeilUri Sew., 

Pachypteria acutoduToit, 

„ inciaa du Toit, 

Sfxmpieria donyata (Carr), 

„ denaifolia du Toit, 

Lepidopteria naialenaia Thomas, 

Storfnbergia gardneri Sew., 

^phenopteria IMfalia Morr., 

Oloaaopteria hrowniana Brongn., 

,, conapicua Feistm., 

JfdinaUmia coriacea Walk. 

Cordaitales— 

DadoxyUm aderoaum W'alt., 

PUrwhua sp. (fructification), 

Umkomaaia sp. (fructification.), 

Oinkgoalea— 

Oiidcgoitea antaretka (Sap.), 

„ digitata (Brongn.), 

„ magnifclia (Font.), 

„ fMltenenaia (Sew.), 

Baiera achanki Feistm., 

„ iemifolia John, 

Pheanieopaia aUmgata (Morr.), 

JioUeiUa denUUa du Toit. 
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Inoertae Sedis— 

Rhexoxylon africanum Bancr. (a unique genus of fossil wood, constituting a valuable link 

between South Africa and Antarctica during Triassio- 
times), 

„ prieatlyi (Sew.), 

„ tetrapterioidea Walt. 

This flora, the chief members of which are Thinnfeldia, Tceniopteris, Baiera, 
OinkgoUes, Callipteridiufn, Schizoneura, Stenopteris and Phtmicopsis, is veigr 
different from the assemblages in the Lower Karroo, in spite of the presistence of 
Olossopteris. Trunks of Dadoxylon are abundant in the Molteno, seams of coal 
are occasionally found, but vertebrate remains are practically absent. 

Fossil wood, including Rhexoxgl&nafricanum onApossiWyDadoxylonsclerosum, 
is abundant in the Bed Beds, which have also yielded a Schizoneura stem and 
several important vertebrate remains, principally dinosaurs such as Thecodonto- 
sauruSy Massospondylus, Euskelesaurus, Plateosamus, and Gryponyx, an assem¬ 
blage indicating a Triassic age ; to these must be added the teeth of the fish, 
CcratoduSy hannemeyeria Seeley, and remains of the curstacean, Estheria. The 
Somabula beds of Rhodesia, the approximate equivalents of the Red Beds, have 
yielded: ThinnfeUiay odontopteroides, T. lancifolia, T, feistnuinteliy Tceniopteris 
macclellandiy Schizoneura gondwanensisy Rhexoxylon africanum and Dadoxylon sp. 

The Cave Sandstone is described as being extraordinarily 'massive, and is 
thought to be primarily eolian in origin. Reptiles persist into the Cave Sandstone 
but are scarce, among them being Thecodontosaurus and Notochampm. Other 
fossils, are the Keuper fish, Semionotus capomsy and the two phyllopods, Estheria 
[Cyzicus] draperi Jones & Woodw., and Lepidurus stormbergensis Haughton, of 
which the former species is found in the Rhaetic of Argentina and is similar to 
E, mangaliensis in India. According to Dr. Du Toit, the Cave Sandstone cannot 
be younger than Rhmtic. 

The Drakensberg Volcanic beds, a succession principally of basic lavas with a 
maximum thickneas of about 4,500 feet, from the extensive and deeply dissected 
mass of Basutoland. The majority of the rocks consist of basalt, either compact 
or amygdaloidal and zeolitic, but tuffs and agglomerates are in places found near 
the base and are thought to be the outcome of eruptions of the central type. The 
remains of many volcanic necks have been exposed, the best known being that of 
Modderfontein, but the bulk of the effusions, like those of the Deccan Trap, seem 
to have been of the fissure variety and to have poured out a highly mobile lava. 
The Drakensberg series may be of Liassic age but eruptions really commenced 
before the end of the Cave Sandstone epoch. Though much earlier in age, the 
Drakensberg Volcanics appear to be the petrological equivalents of the Deccan 
Trap and play a similar role in the physiography of the country. 

Very intimately related to the Drakensberg Volcanics are the Karroo Dolerites. 
These are basic intrusions in the form of sheets and dykes mostly of dolerite but 
sometimes of diorite, gabbro, norite and occasionally picrite, which have pene* 
trated the various stages of the Karroo system and are especially numerous in the 
lower subdivisions thereof. Boulders of dolerite are found in Lower Creta¬ 
ceous conglomerates and, judging from the close association with the Drakensberg 
basalts, the intrusions date probably from the commencement of the Jurassic 
Mfiod. They may, therefore, have commenced earlier than the dolerites of the 
Indian coalfields, but the parallelism in the two regions is otherwise undeniable. 
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Assigning the Drakensberg series to the Lias, we find the rest of the Jurassio 
unrepresented and the Lower Cretaceous present in the form of the Uitenhage 
aeries with its somewhat scanty flora. 

In the neighbourhood of Algoa Bay, a set of fossiliferous shales and sand¬ 
stones, known as the Uitenhage series, of no great thickness and restricted in 
occurrence to the vicinity of the coast, bears mach the same relation to the Karroo 
system of the interior as do the littoral outliers of the Coromandel Coast Upper 
Gondwanas to the Lower Gondwanas of the interior of the Indian peninsula. 
Like the sediments of the Indian coast, the African beds are in part of marine 
origin and have yielded marine fossils which have been shown to be Lower Creta- 
-ceous in age (Neocomian or, in the case of the Indian beds, either Neocomian or 
Barremian). The plant remains from the Uitenhage series include.^ 

Filicales— 

Ostnundites kolbei Sow., 

GladopMebis dentiadata (JBrongn.), 

„ broumiana (Dunk.), 

Onychiopsia ¥nantelli (Brongn.), 

Sphenopteris fiitoni Sew. 

Oycadophyta— 

TcBniopteria sp., 

Zamiitea recta (^ate), 

„ morrisi (Tate), 

„ africana (Tate), 

„ (Psevdoctenia) rubidgei (Tate), 

JSilaaonia tatei Sew., 

Bucklandia of. anomala (Stokes & Webb). 

Otozamitea sp., 

Didtyozamitea sp., 

Cycadolepia jenkinaiam (Tate). 

Coniferales— 

Araucaritea rogerai Sew., 

Brachyphyllum sp., 

Conitea spp. Sew., 

Benatedtia sp., of. Goniferoeaulon colymhiocforme Flich, 

Taxitea sp., 

Coniferous wood. 

Incertae sedis— 

Oarpolithea sp. 

Away from the coast in some places fresh-water shells such as Viviparu , 
{7mo and possibly Cyrena, have been identified. Among the numerous marine 
fossils found in the Uitenhage beds are species of the ammonite Rogersitee {Holco-^ 
atephanus) which find their closet European equivalents among Upper Valangi- 
nian (Middle Neocomian) forms. Trigama ventricosa^ a lambellibranch character* 
istic of the Umia beds of dutch, ia among the Uitenhage assemblage. Full lists of 
the Uitenhajge fauna will be found in Dr. Du Toit’s ''Geology of South Africa”. 

ijSewazd Ana. S. 4A. ifiM. IV, Ft. 1 (1903). 
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Tropical Africa.— The Olossoptms flora has been recognised in Portugaese East 
Africa in beds belonging probably to the Ecca series, and has left traces in Zulnland 
and the region of Lake Nyasa. Members of the Karroo system have been recognised 
in both Southern and Northern Rhodesia, the oldest containing Olossopieris and 
silicified wood ; coal seams form part of the sequence, the highest portions of 
which are correlated tentatively with the Stromberg series. North of the Zam¬ 
besi occurs a succession of basaltic lavas regarded as of Upper Karroo age. 
The Olossopieris flora has been found in the southeastern and esstern parts 
of the Belgian Congo State and in the British Protectorate of Uganda ; in the 
former area glacial beds equivalent to the Dwyka have also been observed. The 
occurrence in Uganda is from Entebbe on the margin of Lake Victoria Nyanza 
and comprises: Oangamopteris cyclopteroides, var. attenmta Peistm., Olossopieris 
indica Feistm,, Cyclodendron leslii Sew., Psygmophyllum sp., Cordaites (Neog* 
gerathiopsis) sp. and Cornucarpus sp.* From the basin of the Luena in the Katanga 
Province of the Belgian State have been obtained Vertebraria sp., Phyllotheca sp., 
Olossopieris indica, 0. browniana ai^ Cordaites {Nwggerathiopsis) hislopi, form¬ 
ing apparently part of an Ecca flora.® The valley of the Lukuga has yielded; 
Stenopieris elongaia, Fusigillaria, favtdaria, Subsigillaria leiodermaria, Cordaites 
(Nceggeraihiopsis) hislopi, Schhoneura sp., Olossopieris indica, Nummulospermum 
sp., Phyllotheca zeilleri and Cyclodendron leslii an assemblage assigned to the 
middle portion of the Ecca series.® From the region of Walikale, northwest of 
Lake Kivu, further representatives of the Ecca series have been observed, the oldest 
members perhaps reaching down into the Dwyka ; Olossopieris is here absent and 
Oangamopteris cyclopteroides is the dominating form, other forms being Cydo- 
dendronsp., Oangamopteris cyclopteroides var. attenuata, Samaropsis Goepp. or (?) 
Cordaicarpus Gein., or Nummulospermum Walk, or Cornucarpus (Arber), Voltzia 
sp., Cordaites {Noeggerathiopsis) hislopi, and a form comparable to Phyllotheca.^ 
Traces of the Olossopieris flora have also been found 20 kilometers south of Al- 
bertsville on the banks of Lake Tanganyika. From the Karroo formation in the 
Upper Gombati river just below Mt. Lukenzi, Tanganyika Territory, have been 
collected Olossopieris conspicua, 0. indica and an equisetaceous stem.® From 
beds of Lower Beaufort (Upper Permian) age in the Ruhuhu coalfields of Tan¬ 
ganyika, east of Lake Nyasa, come some of the small fresh-water lamellibranchs 
belonging to the genus Palmmutela and very abundant in certain of the beds ; 
Dr. L.R. Cox finds that three of the five species are Russian forms.* Traces of 
the Lower Gondwana ice age have been recorded in Togo Land on the Slave Coast, 
Gulf of Guinea. 

Madagascar.— In western Madagascar there has been noted a successicm 
consisting of a basal boulder conglomerate made up of angular crystalline blocks, 
often of large size, scattered in a clayey or sandy paste, accompanied by coal- 
bearing strata (Sakoa beds) with Oangamopteris major 0, cyclopteroides, Ohssop- 
teris sp. and Schizoneura sp.^ 

iA.L.du Toit. Ann, B Afr. Mwt. XXVIU, 395 406 (1932); see also Geol. Mag. 
LXXl, 386 (1924). 

*BuU, Acad. Roy. Bdg., Ser. V, XIX, 681 (1933). 

•Rtd., Ser. y, XV, 636 (1929). 

^B%dl Boo, B^. do Oeol., Vol. XUH, 66 (1933>34). 

»L.S. Robertson, Q.J.Q.8., XC, 1—6 (1934). 

•IWd.,LXXXVin, 623 (1932). 

«Panl Range, C.R. Oongr. Oiol. iniernat, XVe., 116 (1929). 
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The Sakamena series, which lies upon these beds with a dear discordance and 
overlap marked by a conglomerate, contains several species of the Olostcptem 
flora {0. indica, Schizaneura of. gondtoanensis, Cordaites {Ncegg&rcdhiopzis) of. 
laaefata,Cladaphlebisfefnota,Dan<Bopsi8B]p,TcBniopleTis&]^.,VoUzia sp., andLejn- 
dopferis sp.), and reptiles such as Atherstonia, Ta^gasaurus, CoBlurosaurus and 
Mktnesuchus, but also intercalations of beds with marine fossils; among the latter, 
at various horizons, are: Products cf. curvirostris Schellw., Spirifer of. rectangulus 
Kut.,ijf;^iasp.,Scaldiasp.,iSoIemscus sp., Loxonema sp., Myalim a^.. Syringe- 
pora sp.,? Anthracoporellaap,,Cyclolobu8walkeriDieii», Episageceras {Medlicottia) 
wynnei (Waag.), Xenaspis carbonaria Waag., Hungarites sp., and the flsh, ifZZo- 
fismor- members of a Permian fauna. 

The Beaufort series is also represented by beds containing small reptiles 
amphibians and fishes, the reptiles apparently allied to the South African genus 
Saurostemon, and agreeing with some European species; with one of the reptile 
skeletons of a leaf impression of Glossopteris indica has been found associated. 

South America.-— An able review of our knowledge of the Oondwanas of South 
America will be found in Du Toit’s ''Geological Comparison of South America with 
South Africa”.^ In sourthern Brazil and the adjoining parts of Uruguay and 
Paraguay, the Santa Catarina system, which is the equivalent of the Gond- 
wana, covers an area of something like 386,000 square miles and is therefore 
comparable in size with the Karroo basin of South Africa. Thre great bulk 
of its outcrop forms a broad and very flat geological basin occupying the 
valleys of the Parana and Uruguay rivers, the greater part of the exposure con¬ 
sisting of a volcanic group at the top of the sequence. The system is tentatively 
classified as follows 


Sao Bento series 


Passa Doia series 


TnberAo series 
Itazar^Glaoialbeds 

The Itarari, TuberKo and Iraty' formations correspond to the Talohir of India, 
and to the Tillite and Upper Shales of the Dw^ka series in South Africa. The 
Estrada Nova represents the Damuda (including the Karharbari) and probably 
the lower part of the Panchet, while the Bio do Basto and Botucatfi beds appear 
fK> be on a level with the higher Panchet. 

The Itarar4 series comprises beds of glacial o^n in everyway similar to 
those Lund in Australia, South Afirica and India, alternating with sediments 


pSerra Geral eniptiYos . Rhaetic-Liassic. 

Botucatu Sandstone (where sepaO 
rable). f 

^Rio do Rasto stage . . ^Triassic. 

fEstrada Nova—^upper part 


Estrada Nova—lower part . 
Iraty stage and Mek> beds . 


^Palermo stage 
(^Bonito stage 


Permian. 


lupper Carboniferous. 


H7afiieir. Xnst. ITast., 8(1027). 
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indiatinguishable from the conglomerates, gitrs, sandstones and shales of the 
sttoceeeding Bonito stage or Coal Measures. In places the Itarar6 series reaches a 
thickness of nearly 1,000 metres (3,280 feet) but, as in the case of its equivalents 
elsewhere, much of the succession is not glacial. The glacial beds vary from a 
true ground moraine to a beddedshale with small inclusions of fluvio-glacial 
sandstones, some of them current-bedded and some of them with waterwom 
pebbles. Most of the boulders in the tilliteareof small size, but one granite 
erratic is recorded measuring fully 18 cubic metres (636 cubic feet). 

In some places the floor of ancient rocks on which the glacial beds lie is com¬ 
paratively even ; mothers it is uneven. In northeast Uruguay, as Dr. Du 
Yoit points out, there can be no doubt as to the highly divers^ed character of 
the pre-glacial surface. Knobs of the crystalline floor are described as projecting 
through the gently dipping Godwanas and are in some cases surrounded by stages 
as young as the Estrada Nova. 'The conspicuous Cuchilla de Cerro Largo has 
the appearance of being a glaciated range that must have remained exposed long 
after the ice had disappeared and its undulating base had become buried beneath 
glacial, filuvio-glacial and normal sediments.” 

Dr. Oliveira records a bed of marine fossils sandwiched between two banks of 
boulder shales in the upper part of the Itarare, a proof that at this stage and in 
this locality the ice was being discharged into the ocean. 

In the Tuberao valley, the Itarare is reduced to about 32 metres (105 feet), 
the bulk of which is formed of the well known and probably local massive “Orleans 
Conglomerate”. 

In the exposure to the northeast of Montevideo the succession resembles that 
of San Juan in Argentina. Here there are three separate glacial horizons, each of 
them, however, separated from the rest by a small thickness only of normal 
sediment; the highest is thin and contains erratics, some of which are striated. 
The uneven floor is made up of low ridges and hollows, the coarser glacial material 
arching over the former and dipping at comparatively high angles towards the 
flner tillite Ailing the hollows ; in places the tillite is seen tucked in beneath the 
low ridges and at one spot is banked against a vertical wall of limestone and 
crammed with fragments of that rock. In most cases the hollow follows the 
direction of glaciation, and there are indications that the ice came from the south¬ 
east, i,e,i from somewhere in the present Atlantic. 

The Bonito shales, which in places overlap the Itarare beds on to the granite 
floor, are frequently plant bearing, and include seams of workable coal. In the 
lower levels, from almost immediately above the Orleans Conglomerate, several 
members of the Ohssopteris flora are present, including such tjrpes as Olossopleris 
browniana, Oangamopteris cvclopteroides, Cordaites hislopi, Phyllotheca gfiesbaehi 
and P. muelleriana ; in the higher levels this floor is associated with “ northern 
forms ”, an admixture to which reference will be made later on, and we find Lepi^ 
dodnedfon, SigiUaria and Lepidophloios side by side with Ohssopteris indica. 0, 
ampla and Q. ocddentalis. 

The Palermo stage, in wich silicifled wood in the form of Dadoxyhn is com* 
mon, passes up without a break into the Iraty shales. 

The Iraty stage, with its carbonaceous and often papery shales, bleacliing to 
paler colours, has much in common with the Talchir shales or the “White Band’* 
of the Dwyka shales. In it are frequent and widespread remains of th3 small 
9081/64 89 
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reptile, Mesosaurus; and the larger form, if generically distinct; 

MeBosaurus tumidus and Stereostemum {f Mesosaurus) brasiliense are closely akin 
to the Mesosaurus temidens of South ^ica. Du Toit remarks that **the exclu¬ 
sive presence of Mesosaums and the outstanding lithogical similarities, down to 
minuitSB, render the correlation of the Iraty group with the White Band of the 
Dwyka series absolutely assured, although a distance of 6,300 km. (3,916 miles) 
separates the two”. This fact is interesting in its favourable bearing on the theory 
of continental drift. 

The Estrada Nova which, like the Iraty, is extremely constant throughout the 
Parana-Uruguay basin, follows the latter stage with seeming conformity. Its 
fauna indicates an estuary occasionally invaded by the sea, while its flora includes 
Ohssopteris and other forms found near the top of the formation. The Estrada 
Nova probably consists of two distinct groups with unconformity and time gap 
between them representing the uppermost Permian and much of the Lower Trias. 

The sedimentary part of the Sao Bento series is predominantly eolian in origin 
as indicated by the well rounded sand-grains of the arenaceous deposits. In the 
Bio do Basto stage have been found an abundance of silicifid wood—probably 
Dadoxyhn —a Chdophlebis, and a few dinosaur remains including Scaphanyx 
a form allied to Euskelesaurus from the Upper Triassic Bed Beds of South 
Africa, and a specis of Erythrosuchus comparable to E» africanus from the Upper 
Beaufort stage of the same country. The Bio do Basto, at least 1,300 feet at its 
thickest, is described as being extraordinary like the Cave Sandstone and Bed 
Beds of Basutoland and Southern Bhodesia. 

The traps of the Serra Geral, basaltic to andesitic in composition, are com¬ 
parable with the Stormberg basalts and, like those in the western Argentine and 
Patagonia, are Bhaato-Liassic in age. In the lower part of the stage in one area 
are seen sedimentary intercalations, from one of which tiny ” dreikanters ” have 
been obtained. 

The resemblances to South Africa are completed by the sheets and dykes 
of basic rock, mostly dolerite, which penetrate the members of the Santa Catarina 
system, more especially those forming its lower half. As in South Africa, the 
intrusions are suspected to have taken place just after the eruptions and to be 
Jurassic in age. 

In the northeast of Brazil is another exposure of Godwanas, among which 
the glacial beds have not been recognised. Here the Paranahyba series corres¬ 
ponds more or less to the Passa Dois, while the succeeding Merim series, with its 
upper po/tion of basic lavas, is very like the Sao Bento of the south. 

Gondwanas of a more disturbed type are probably present in the coastal region 
of Bahia and Sergipe in eastern Brazil. 

To the north of Bahia Blanca in the Argentine, the Gondwanas have been 
folded and metamorphosed. Here the tillite is cleaved and passes up into quart¬ 
zites and slaty beds which are the equivalents of the folded Ecca beds in the south¬ 
western part of Cape Colony and of the Lafonian of the Falkland Islands. The: 
placial stage consists not entirely of morainic material; scored pavements have 
been noted within some of the tillite, the moraine apparently having itself been 
over-ridden by the ice. 
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^Along tbd eastern flank of the Andes in the west of Argentina, stretching 
ftoM San Bafael for some distance northwards across the border into Bolivia, 
is a series of outcrops of rocks belonging to the Gondwana, here known as the 
Paganao system, and resting unconformably upon Lower Palssozoic or crystalline 
rooks. The basal beds of the Paganzo system are considered to be the equivalents 
of the Iterate beds of Brazil and Uruguay. In one place a thickness of about 
1,000 feet has been measured but neither in western nor central Argentina have 
the Iraty' and Estrada Nova series yet been recognised. The rocks of the Paganzo 
system have been involved in the Andine movement. Three separate glacial 
homons have been distinguished, one at the very base of the system; between 
this and the next highest are some 500 feet of ordinary sediment, and between the 
second and third about 160 feet of similar material. Some fine boulder pavements 
have been noted among the tillites and the basal one lies on a highly diversi¬ 
fied floor. The sediments between the lowest and next highest glacial beds have 
yielded plant remains including Rhacopteris and Cardiopteris, but no marine 
fossils. A Ohssopteris flora is very closely associated with this Rhacopteris flora 
and probably intermingled therewith though this is not yet definitely proved, 
and both assemblages are intimately associated with the glacial deposits. We also 
have Phyllotheca, Schizoneura, Neuropteridiunij Glossopteris, Gargamopteris and 
CordaiteSf oocruring in the same set of beds as Lepidodendron, Lepidophhios and 
Sigillaria ; this association of northern and southern forms is seen in the lowest 
stage of the Paganzo, and therefore at a lower level than it is in Brazil, and at a 
still lower level than that observed in South Africa (Ecca). Higher up, marine 
fossils, though absent from the true tillites, occur in mudstones associated with 
glacial erratics. From the marine fauna, as determined by Professor Cowper 
Reed, the age of the glacial beds should be close to the borderline between the 
Moscovian and the Uralian. We have definite proof in Argentina, thereore, that 
(hng ^amopteris cyclopteroidess Olossopteris browniana and Cordaites hishpi extena 
back well into the Carboniferous, as they do also in New South Wales, and that 
glaciation commenced probably before the beginning of the Upper Carboniferous. 
Contemporaneous basalt flows are found in the middle portions of the system. 
The upper portions, with a Thinnfeldia flora, belong to the Bh^etic-Lias, while 
Cretaceous horizons are present in the province of Santa Cruz. 

The Bhmtic of La Ternera in Chile corresponds to part of the Upper Gondwana. 

The Falnland Islands.—Stratigraphicaily and structurally, Du Toit considers 
that the Falkland Islands have closer relationships with the southwest of Gape 
Colony than they have with Patagonia. In any case they form a close link 
between the continents of Africa and South America. In these islands the 
Gondwana is represented by the Lafonian system, possibly 10,000 or 11,000 feet 
or more in thickness, containing four or five Indian species of Olossopteris—0. 
tndtea, (7. fndtea cf. var. K;t7sonf,. %ndica\oi. var. decipiens, 0, damudica, 
Oh brofvniana, arhd and 0. angustifolia—Oangamopteris cyclopteroides var. major 
VoUzia heterophylla, Desmiophyllum sp., and several species of Phyliotheca and 
HadoaqjlM including Phyliotheca deltquescens (Goepp.) (which is possible identical 
with Jr. australis), Dadoxylon bakeri Sew. k Walt., D. hfoiiiense Halle, and D. 
cLangust/um Felix. The higher beds have yielded NeocdlanUtes (“ Schizoneura **) 
sarrerei (Zeill.) and may bdong to the Trias, but the rest of the assemblage 

30a 
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indicates a Damuda or Permian age«^ At the base of the system is the uldqiii« 
tons tillite with its striated boulders and facetted pebbles, identical in character 
with the Dwyka and Talchir, usually folded and cleaved, lying on what in 
places appear to be glaciated quartzite surfaces, 

•Antarctica.—Perhaps the most interesting discovery ofall is that of Gk>ndwana 
equivalents on two opposite sides of the Antarctic continent, ciz., in 
Land which fronts the southern extremity of South America, and in 
South Victoria Land lying in longitudes approximating those of Tasmania and 
the southerly bluge of Australia. Prom a fossil band near the top of the Beacon 
Sandstone in the latter area, Captain Scott’s ill-fated second Antarctic Expedi¬ 
tion collected specimens of Olossopteris indica, 0, indica, var. wilsoni Sew., and 
Vertebrariu sp.^ The Becaon Sandstone of this region at the same time yielded 
Rhexoxylon {** Antarcticoxyhn'') priestkyiBew. and the doubtful PityosporUes 
antarcticus (which may be badly preserved stone cells) Olossopteris indica and 
some fossil wood which is either Dadoxylon oTpethsipsRhexoxylon priestleyihnyn 
been identified from the Perrar Glacier of these parts. The precise age of the 
Beacon Sandstone with its coal seams is unknown, but Rhexoxylon is a widely 
distributed plant in the Ti ias of Gondwanaland, the anatomical complexity of 
its stem resembling that of certain dicotyledons ; the genus is found in the 
Molteno beds of Cape Colony and in beds of Stormberg age in Rhodesia. Although 
the lower part may extend down into the Upper Carboniferous and the upper 
part perhaps to some extent upward into the Trias, the bulk of the formation 
must belong to the Damuda or Permian. The Beacon Sandstone, which is al¬ 
most horizontal in South Victoria Land, stretches from Mount Nansen and the 
Priestley Glacier southwards for at least 700 miles to Buckley Island and Mt. 
Darwin in south latitude 85^, where it consists of a basal sequei^ce of 700 feet 
of sandstone with large waterworn pebbles in the lower beds, succeeded by 300 
feet of the same material interbedded with shale and several seams of coal, and 
500 feet of sandstone at the top—1,500 feet in all. The roundness of the sand¬ 
stone grains points to sand storms in a dry climate, a conclusion supported more 
or less by the presence of sun cracks; ripple marks are recorded in some of the 
beds. The narrow bands of coal interbedded with shale, on the other hand, al¬ 
though composed of the debris of drifted vegetation, witness to humid interludes 
and a marshy topography in the neighbourhood. The greater part of the Beacon 
Sandstone seems to have been derived from granites and gneisses exposed to the 
action of wind-blown sand in a climate sufiSciently mild to permit of the existence 
of Olossopteris and its fellows, mostly perhaps in sheltered lowlands. At a later 
stage, the strata have been intruded by the products of . a widespread volcanic 
activity which have in places charred the plant remains. 

Fro:^ Hope Bay in Graham Land comes a rich flora representing part of the 
Upper Gondwana and including several species widely distributed in the Middle 
Jurassic of Europe, North America, India and the Far East. Snow Hill Island 
has yielded an impression comparable with the Cretaceous Sequoia fastigiata 

(Stexnb.)* 


^ Q. J. a. S., LEXIX, 313 (1923). 

*A.C. Seward. Brit Mus, (Nat Bist.), Antaret^ (**Terra Na»a**)exped,.^ Qeol.» Vol. 
No. 1 (1910). 
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I^AND CONNECTION BETWEEN INDU AND OTHER FARTS 
OF THE GONDWANA CONTINENT. 

Having outlined the distribution of the glacial deposits and of the succeeding 
beds with their individualised flora, we are in a position to enquire what deduc¬ 
tions can be drawn therefrom. The sequence and simildrty of these wide¬ 
spread rock-groups leave no room for doubt as to their homotaxis. The question 
oHheir position in the geological scale has already been considered and the 
annexed correlation table (pp. 1097-98) expresses the general conclusions drawn. 

The comparison of the South African and Indian Gondwana flora is of less 
importance and interest from the point of view of establishing their homotaxis than 
as indicating a former distribution of land and sea very different from what now 
exists. Previous to the geological discoveries we have just been considering, 
naturalists had appealed to a former land connection, stretching across what is 
now the Indian Ocean, to explain certain relationships between the living fauna 
of the Indian Peninsula on the one hand, and South Africa and Madagascar on the 
other. Dr. W. T. Blandford claimed that the present distribution of certain general 
birds, fishes, reptiles and land molluscs, is strongly suggestive of a stretch of dry 
land having formerly extended from southern India to Madagascar. The present- 
day flora of the Indian peninsula shows some relationships to that of tropical 
Africa in the prevalence of such genera as Grewia and Impatiens, as well as in the 
general absence of the oaks and pines which abound in tbe Malayan area. The 
bright-coloured lily, Oloriosa superba and other tropical forms in the foot-hills 
of the western Himalaya and adjoining plains are links with Africa as well as with 
Afghanistan. The question is not a simple one but it may at any rate be stated 
that there is nothing in the present-day distribution of animals and plants which 
is not consistent with the existence of an Indo-African continent in pre-Tertiary 
times. From the evidence of fresh-water fish, it has been deduced that Africa 
and South America were also connected with each other as late as the Creta¬ 
ceous period.^ 

The facts that have been detailed regarding the fauna and flora of the Karroo 
system show that there is a closeness of relation, amounting to identity and ex¬ 
tending throughout the whole of the Talchir and Damuda periods, which is inexpli¬ 
cable unless there had been a continuous land communication along which the 
plants and land animals could freely migrate between the two areas. And the 
conclusion is greatly strengthened when we remenber that throughout the major 
part, if not the whole, of this period, a very different type of flora was flourishing 
in Europe and North America. 

The presence in the Uitenhage series of plant forms still with a close relation¬ 
ship to Indian species, makes it probable that the connection between India and 
South Africa persisted at least into Neocomian epoch. The indications of a 
former Indo-African land area thus do not cease with the Triassic period, and the 
laterhistory of this great continent will receive attention further on in this work, 
we may anticipate these considerations by stating that throughout the later part 
#f the JPaleeozoic and most of the Mesozoic eras, there stretched over a large part 
of the present Indian Ocean an extensive area of continuous land which included 
what are now the Indian Peninsula, Madagascar and South Africa, and formed 
the northeastern corner of a great southern continent; the final dismemberment 
of this continent is thought to have taken place towards the close of the Mesozoic 
and early part of the Tertiary eras. 


>Tate Began. 
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The above condlusion, and even more the proof of the still further extension 
ofthe OhssopterisAywnxig continent over what are now South America, the 
Antarctic region and perhaps New Zealand, hasinevitably shaken the hypotiiesis 
of the permanence of continental and oceanic areas. There was at one time a 
general, though not universal, acceptance of the doctrine that the deep oceanic 
areas of the present-day have been oceans throughout the whole of the period 
represented by the sedimentary formations of the geological sequence and that, 
with the exception of small volcanic islands rising from the depths of the ocean, 
the dry land of every geological period was confined to the present dry land and, 
the shallower parts of the surrounding sea. The distribution of the Glossopteris 
flora is one of the factors which have necessitated a revision or modification of 
this doctrine. 


CAUSES OF GLACIATION. 

For theglacial periods which from time to time have characterised 
large portions of the Earth’s surface no universally accepted explanation 
has yet been found. Two such periods are well established in the 
geological history of the world and several others are less assuredly indicated. 
Confining our attention to the Upper Carboniferous ice age,, is advisable in the 
first place to get as clear an impression as facts permit of the degree and extent of 
the frigid conditions. 

In India there is no direct evidence that the Talchir ice ever formed a conti¬ 
nuous sheet over the whole of that part of the Peninsula now traversed by the 
basal Talchir outcrops. The occurrence of ice-scratched boulders in India, South 
Africa, Central Africa, Madagascar, South America, the Falkland Islands and 
Australia does not of course mean that this vast area, over which they are widely 
but locally distributed, was any time completely covered with ice. Against 
such a supposition are the following facts. In the first place, the intimate associa¬ 
tion of the glacial beds with the glossopterid plant remains and seams of coal, 
expecially in South Africa and Australia, presupposes the existence of soil-covered 
exposures of rock amid the ice. Secondly, the glacial stages of the Lower Gond- 
wnas and their foreign equivalents do not connote periods of uninterrupted glacia¬ 
tion. On the contrary, they must have been predominantly fluvial, especially 
the Talchir epoch in India. This is sho only wn, not by the presence of coal seams 
and in Australia and other parts by the interstratified coarse sandstones and con¬ 
glomerates, but by the moraines themselves, for nearly all the boulders thereof, 
whether ice-scratched or not are water-worn. David and Siissmilch speak of the 
breaking up of the ice sheet in Australia into individual glacial tongues by reason 
of its having invaded old land valleys,^ and Sir Albert Seward finds nothing against 
the association of vigorous trees and a dense growth of small plants on the slopes 
of mountains with ice-filled valleys.* 

Nonetheless, in the period of the late Carboniferous we find a glaciation, a 
large portion of whose relics are seen today close to and one each side of the Equator, 
many of them lying well within the tropics, in latitudes never reached by the 
ice of the Pleistocene epoch. The suggestion which at one time found a certain 


iBulL Oeol 8oc. Amer. No. 42,507 (1931). 

Mus. Nat. Hist., Brit. Antarct.JSseped. Oeol., Geol., 1,140 (1910). 
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amount of favour, that there has been a substantial change in the position of the 
Earth's axis relative to its surface, no longer finds credence. For one thing it is 
now realised that the possible distribution of the Upper Carboniferous ice sheets 
was too wide to be readily explained by any such change alone. 

It has for a long time been admitted that much of the difficulty regarding 
the presence of large sheets of ice in what are today warm latitudes, disappaers 
if we accept the hypothesis of continental disruption and displacement. As 
Dr. Du Toit remarks: “ Directly those parts of the earth which bear traces of ice 
action are concentrically crowded together around South Africa, then the whole 
area formerly covered with ice becomes of no greater extent than that of the 
Pleistocence glaciation of the northern hemisphere.”^ Not only is the wide dis¬ 
tribution of the tillites made comprehensible by the Drift theory but also their 
present location in warm latitudes. Both the problems have exercised the minds 
of scientists for many years past and a solution acceptable to all has not yet been 
found. The Talchir ice and other features connected with the Gondwana conti¬ 
nent have indeed been largely responsible for the support given to the hypothesis 
of continental drift. Before discussing this hypothesis, however, it will be well 
to examine carefully what alt('rnative explanations arc available. 

First for consideration is the refrigerating effect of a continuous land connection 
between India in its present latitude and the South Pole, and the influence of that 
connection on winds and currents. Whatever may have been the cause of the 
Talchir and other cold periods, there can be no doubt, as the writer of the last 
edition of this Manual pointed out, that their eff ects would be more widespread 
and more extensive, and their traces more conspicuous in high latitudes than in 
low. Nevertheless, the effect of latitude is likely to have been considerably 
modified, among other things, by the general lie of the landmass. We may surmise 
that, proceeding from the Antarctic end towards the Indian end of Gondwanaland 
the cold in a general way became less. Had the Gondwana continent been synvme* 
trically situated with regard to the Poles, we should expect the cold to have de¬ 
creased to a minimum at the equator, omitting other climatic factors. Gond¬ 
wanaland, however, was not so situated but lay we are now supposing, with one 
end circumscribing the South Pole, and the other end lapped by the winters of the 
old Mediterranean sea. The effect of this location in the southern hemisphere 
other things being equal, would have been to throw the 1 ine of minimum cold to 
the north—possibly some considerable distance to the north—of the equator. 
Even todav the warmest latitude circle for the year is not the equator but 10 
degree N. fatitude. We might expect, therefore, to find glaciation in the Indian 
Gondwana regions to have been less than it was in similar latitudes on the other 
side of the equator-line, for instance, than the glaciation in South Africa, Aus¬ 
tralia and South America. It is difficult to make true comparisons of this kind, but, 
on the whole, the glaciation in South Africa, probably that in South America and 
certainly that in Australia, was greater than it was in India. In South Africa the 
tillite, though never more than a few hundred feet thick in the northern Cape, 
the southern Transvaal and Zululand, and missing altogether in places farther 
north, is 800 feet or more in Natal, well over 1,000 feet in Pondoland, and may 
be nearer 2,500 feet in the southern Cape^ a thickness never attained by the whole 

'Du Toit. ^'Geological Comparison of South America with South Africa,” Carnegie /nsL 
Waeh, (ld27). 

■ A. L. Du Toit “ Geology of South Africa,” 2nd Edit., 242 (1939). 
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of the Indian Talchir stage, in which the bojildei bed seldom exceeds 100 feet. 
It has been estimated that the D^ka tUlite beds, exposed or otherwise, cover 
nearly two-thirds of the South AjErican Union.^ It is not claimed that the whole 
of South Africa wa.i ever covered at one instant; in fact, the overlap seen in succes¬ 
sive stages of the Karroo system on the highlands suggests that much of the coun¬ 
try lay uncovered by sediment until weU into Triassic times,* but it has been 
suggested that at the period of maximum glaciation the ice formed a continuous 
sheet across part of the African continent, fully 1,000 miles wide and perhaps 
little less than that from north to south.* There are no grounds for making such 
a statement in the case of India. Glacial pavements also would seem to be much 
more widespread and frequent in South Africa than in India. Evidence of glacia¬ 
tion in Australia is on a grand scale ; no less than five glacial epochs occurred at 
interval throughout a period represented by 10,000 feet or more of strata. About 
South America we know less, but enough to prove that the glaciation began earlier 
and lasted longer than it did in India. Dr. Fox has done well to emphasize the 
shortness of the glacial period in India, where it was not only transient but non¬ 
recurrent.* There is good reason to believe that refrigeration in the southern 
hemisphere started before the beginning of the Upper Carboniferous epoch and 
therefore probably earlier than it did in India. Its main phases terminated before 
the end of the Upper Carboniferous, but in New South Wales, Queensland, Western 
Australia, and Tasmania we find a recurrence of ice conditions during the Permian. 

A point bearing significantly on this argument is the fact that the correspond* 
ing deposits in Europe and North America, if not entirely free from traces of 
glacial action, exhibit nothing approaching the extremely widespread and often 
thick accumulations of tillite seen in the southern continent it is true that 
boulders of rock embedded in fine silt have been found, some of them with a stria- 
tion believed to be due to the action of ice, but they are sporadic and may be 
merely the relics left by floating ice-bergs and marking the latitudinal limit which 
such bergs could reach before melting. Deposits of Upper Carboniferous age 
within the Arctic circle, where one would expect glacial conditions to have been 
more severe than they were in lower latitudes, are in most cases equally free from 
glacial traces. It may be that the Arctic region of those times was largely or 
entirely a marine area, just as the more immediate neighbourhood of the North 
Pole today shows less land than that of the South Pole. Furthermore, although 
the presence of glacial striae and facetting is positive proof of the former exist¬ 
ence of glaciers, the absence of such indications can by no means be regarded at 
evidence that glaciers did not exist. The Arctic region has not yet been fully 
•xplored and, in any case, the above remarks regarding the non-recognition of 
TTpper Carboniferous tillites in the Arctic do not apply to the Antarctic region 
where there is evidence of widespread glaciation during the Carboniferous and 
Penman around the South Pole. 

^W. Howchin. '*The Building of Australia”, 176 (1926-1930). 

* A. L. Du Toit. C, B. Iniemai, Oeol. Cong, XV., S. Africa, 93 (1929). 

*A. L. Du Toit; see A. C. Seward Q. J. 0. 8., LXXX, Ixxzviii, (1924). 

* Unless we expect the occasional reduplication of the Blaini Boulder Bed of the Himalaya, 
where, however, the intervening strata are very thin. 

*The Upper Carhoniferous tillite reported from the Kara river in the northernmost Urals 
lies well aithin the Arctic Circle (H. G. iStoklund). 0. B. Congr. Oeol. internal. XV, 77 (19M). 
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The contiaflft between the ice of the sonthein continent and the apparent 
absence of glacial relics from the bulk of the homotaxial strata of the northern 
hemisphere might be taken to point to some different scheme of land and TOter 
distribution. Even today the Antarctic cold is more rigorous than the Arctic, a 
result of the terrestrial nature of the South Polar region as compared with the 
prevailing marine conditions around the North Pole. The extension of the 
Gondwana continent to the Antarctic region would have thrown Antarctic condi* 
tions further north than they now attain, and the shape as well as the enormous 
size of the continent would have modified the flow of equatorial currents and might 
have assisted in some way in impounding cold waters in the southern ocean. 
Continental climate is notably severe. That climate is far from being a mere 
matter of present-day latitude is seen in other periods, and is well illustrated by 
the contrast in Silurian times between the stunted fauna of the Pacific province 
and the rich coral-reef fauna of the Boreal and Atlantic regions, a reversion of 
modern conditions which has led to the suggestion that the Earth’s axis of 
rotation at that time may have terminated at one extremity in the Pacific and 
at the other in the Indian Ocean. 

It has been estimated that to bring about a descent of glacial ice to sea-level 
near the parallel of 34° S. in Australia under present conditions, a fall in tempera¬ 
ture of not less than 10°C. (18°F.) would probably be necessary.' That a different 
scheme of land connection, assisted or not by somewhat higher and perhaps 
steeper topography, could produce such a fall is by no incredible. Such 
a drop in temperature, in fact, would be considerably less than the difference in 
temperature observable today between localities situated on the same latitude. 
The average winter temperature of the nothern part of the United States is con¬ 
siderably below that of the portions of western Europe lying between the same 
latitudes; the lowest temperature during the year in Valentia (southwest Ireland) 
averages some45°F., while at Nerchinsk, which is on the same latitude in eastern 
Siberia, it is about {—)19'’F. The presence of ice near sea-level in the Talchir period 
not only near but on both sides of the equator is, however, a different matter, and 
to explain it as due to a peculiar distribution of land and sea seems frankly 
impossible- 

The two foundamental factors governing temperature on the Earth’s surface 
are latitude and altitude. If, therefore, a cold climate of the past were not the 
result of a high latitude, it is natural to enquire whetlicr it could have been due 
to high altitude. In a great number of cases the Upper Carboniferous tillitei 
of Gondwanaland, even in the low latitudes of India, are found at quite low levels, 
and the general conclusion is that in South Africa and Australia the ice moved 
over a country of low relief. South Africa at that time was a peneplain of small 
height and its mountains could not have ascended more than a few thousand feet; 
the highest land in South Africa, just before the onset of the Carboniferous glacia¬ 
tion, lay over the Windhoek highlands, Griqualand West and the Transvaal but, 
in Du Toit’s opinion, few ridges are likely to have exceeded 5,000 feet above sea- 
level.* At the same time, the flow of the ice was everywhere towards the south, 
and country of comparatively high altitude in the more northerly tracts of the 
African region may have formed the snowfields which provided the glaciers of 


'T. W. Edgeworth David. 0. N. Congr, OeoL intemat, Mexico, 453 (1906). 
***Qeology of South Africa*’, 2iid Edit., 496 (1939). 
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the south with ice. Some of the inolusionB in the Dwyka tillite can be shown to 
have been transported for hundreds of miles.^ Similarly, we might suppose that 
the ice which has left its mark in the Damodar and other Indian valleys derived 
its ori^n from snow which fell many miles distant upon a more exalted terrain. 
On pnma fade grounds it seems likely that a land-mass as vast as that of the 
old continent of Gondwanaland included lofty plateaux and mountainous tracts^ 
fit to form the gathering ground of extensive ice-sheets and glaciers. There haa 
perhaps been a tendency to exaggerate the importance of the argument, but 
the presence of high country, though inadequate by itself to account for the exten¬ 
sive glaciation within the Tropics, must have been a contributory cause. What it 
fails principally to explain is the low level reached by the glaciers. 

Steep drainage lines would increase the velocity of flow and assist in bringing 
the ice to lower levels, but the effect would not be great and there is no collective 
evidence to Aow that gradients were unusually steep. In certain parts of Natal and 
Ziduland, differences in level of the glacial floor amounting to 800 feet within a 
mile or two have recorded, and higher figures still are quoted in 'the case of 
Griqualand West. There are, however, no signs of unusual steepness of gradient 
and rapid flow near the margins of the ice sheets and ends of the glaciers, especially 
where they approach sea-level, and it is precisely this attainment of sea-level by the 
ice which seems so abnormal in low latitudes. 

The subject of past climates is one which admittedly involves a complicated 
group of problems but, even allowing for maximum effects and extreme condition 
^ny geologists find it impossible to attribute the unusual features of the Gondwana 
ice age to a drastic difference in the distribution of land as compared with modern 
geography, combined with a difference in altitude and stecpeness of terrain, suffi¬ 
cient to explain the facts that precipitation took the form of snow as well as of rain 
over the tropical part of Gondwanaland in Upper Carboniferous times, and that 
the glaciers or ultimate fingers of the ice sheets actually reached the sea and broke 
off in the form of ice-bergs, as they seem to have done in the Salt Kange area and 
other parts. The suggestion that the Talchir ice age and other glacial epochs were 
the result of some peculiar cosmic change, and due predominantly to variation in 
the heat of the Sun, seems rather to beg the questoin and savours too much of a 
**faute de mieux ” argument. 

We come thus to the theory of Continental Drift, and it must be conceded 
that it provides a simple explanation of most of the relevant facts. This is not 
the place to discuss the theory in full or to summarise the recent advances made 
along this line of enquiry, after the very able synopsisdrawn up by Dr, Van der 
Gracht and the illuminating publications of Dr. Du Toit.* Its bearing upon 
many of the problems of Indian geology, however, come within the scope of this 
work, and cannot be ignored, in spite of the immaturity of some of the ideas in¬ 
volved and the inevitable want of unanimity as to its acceptance. 

TakiM Dr. Toit's map of the old intact Gondwana continent as a basis 
( Our Wandering Continents ”, Fig. 9), it will be seen that, in that attempted 

^ A. L. Ihi Toit. C7. It, Cong.r. Oeol. intemat.., XV. S. Africa, 91 (1929). 

^The reader is referred especially to the following : F. B. Taylor. Bull. Qeol. 8oe. Afser,. 
No. 21,179-226 (1910); A Wegener. “The Origin of Continents and Oceans*’, London (1924r); 
Van der Gracht. “Symposium on the Theory of Continental Drift”, Amer. Assoc. Petrd, Otol,. 
(1926}; A. L. Du Toit. “Our Wering Continents” (1987). 
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reconstruction of ancient geograpliy, South America has been brought close to 
Africa, Madagascar is shifted northwards to fit into the Zanzibar coast. India 
and Ceylon are brought down so that the Gulf of Cambay is opposite Cape Guar- 
dafui, while off the east coasts of Africa, Madagascar and India is a large central 
land-mass covering the greater part of the present Indian Ocean and fitting into 
what is now the south coast of Australia. To fit the pieces of this geographical 
puzzle together, it has thus been thought necessary, not only to displace the various 
continents from their present position, but to twist them through varying angles. 
Dr. Du Toit has given Australia a twist approaching 90°. To India he has given a 
smaller twist of about 30°, not so much to fit its present shape into the outlines of 
Madagascar, East Africa and Antarctica - for the west coast of India is a feature 
dating probably from the Tertiary and formed perhaps after the northward drift of 
the Indian land-mass—but, presumably, in order to bring the strike of the ancient 
rocks of these four regions into conformity with one another. If India be given a 
clockwise rotational twist of about 30° relative to Madagascar, the “ grain ** of the 
two regions becomes more nearly identical. In any case, the Indian portion of 
Gondwanaland is supposed to have broken off and moved in a direction between 
N.E. and N.N.E. until it was obstructed by a northern continent covering northern 
Asia and Europe which may have been moving Southwards to meet it. Whether 
the actual coasts of the two continents touched each other at any point cannot be 
stated but, for the most part at any rate, we must suppose that the last phase of 
the approach of the southern towards the northern continent disturbed the floor 
of the narrowing sea which separated them. This sea-floor rose and shared the 
severe buckling which then began to affect the mragin of the southern and presum¬ 
ably also that of the northern continent. The general tendency of the corrugated 
margin of the southern continent was downwards beneath the sediments of the 
Tethys. The southern margin of the Angara continent may also have been thrust 
southwards beneath the same sediments. The combined effect of the mutual 
approach of these two continents would thus be tolift up the broad belt of Tethys 
sediments which at the same time suffered severe jdication. In this way rose the 
plateau of Tibet, the northern edge of which shared in the formation of the Euen 
Lun, and the southern in the formation of the Himalaya, as well as of the system of 
mountain chains stretching from the western end of the Himalaya through the 
North-West Frontier and Baluchistan into Persia and beyond, and the mountain 
belt extending from the eastern end of the Himalaya through Burma, Malaysia 
and the East Indies. 

Such is a brief outline of the suggested march of events. It may be some 
time before it is possible to decide whether this theory is to be difinitely accepted, 
rejected or modified, but the following are a few considerations worthy of interim 
attention. 

The alternative idea most favoured by opponents to the Continental Drift 
Theory is that the contraction of the globe due to the gradual cooling of its molten 
contents was responsible for the wrinkling of its crust, and that mountain ranges 
are analogous to the ridges which form on the skin of a drying and contracting 
apple, l^t such contraction has taken place and has affected relative displacement 
of the crust may well be true, but that it could be an adequate cause of the piling 
up of mountain belts like those of the Himalaya or the Alps is not so easy to accept. 
In any case, this theory also pre-supposes relative lateral movement of portions of 
the earth’s crust towards or away from each other. This conclusion must follow 



1100 ICANUAL OF OBOLOQT OF UtDIA AND BURMA PToii. 

from the fact that the wrinkling is on a verj coarse and not on a fine scale. In 
other words, there must have been a considerable drift of the crust towards each 
large wrinkle, especially towards any wrinkle of the magnitude of the Himalaya. 
Had the wrinkles been small and distributed more or less uniformly over the eartn’s 
surface, relative lateral movement of the crust at any one point would have been 
practically negligible; it is the localisation of the wrinkles along well-marked 
widely separated lines where they attained an immense size which seems to de¬ 
mand an appreciable crustal drift towards each wrinkle. This would presumably 
involve converse conditions in the tracts between the wrinkles, where portions of 
the crust would tend to split off from each other and drift apart. In fine, the 
theory of wrinkling due to contraction or cooling appears to be dependent also 
upon a modified form of lateral continental drift, when applied to the actual facts 
of the Himalaya, the Alps and the Andes. 

The piling up of the Himalaya, though assisted perhaps by intrusions of granite 
bathyliths, could not have come entirely from below. The severe compression and 
resultant overthrusting and recumbent folding of sedimentary strata, characteristic 
of the Himalayan and other great mountjiin chains, seem to demand a compensa¬ 
tive tensional sliding on a large scale in neighbouring parts of the Earth’s crust 
accompanied by lateral movement of large sections of that crust. The aggregate 
length of such tensile slides—thrust-planes of a minus character—would have to be 
a matter of several hundred miles. No such disruptions can be recognised in the 
Indian Peninsula, and the conclusion would seem to be that the portion of crust 
forming what is now the Peninsula moved as a whole northwards; in other words, 
that it “drifted” or shrank northwards to compensate the great reduction in area 
caused by the plication of its northern margin. The tensile slides, or something 
equivalent, we must suppose to have been located further south in the Indian 
Ocean. Crustal movement, accompanying mountain folding, has been tacitly 
accepted for a very long time without perhaps a realisation of the scale of such 
movement. The shortening of a length of crust due to the formation of a chain 
like that of the Himalaya must have been many times the present width of the 
range. There can be no doubt that before the formation of the Himalaya the 
site of Cape Comorin was much further—probably several hundreds of miles further 

_away from central Asia than it is today. The crust-shortening in the Alps is 

now thought to have been at least 4 to 1 and may have been as much as 8 to 1; 
the compression of these mountains meant a relative movement of their southern 
limit northwards for a distance which has been variously estimated at 350 miles, 
1,035 miles and intermediate values. The compression in the Himalaya is likely to 
have been greater than it was in the case of the Alps. If the Indian Peninsula 
were pulled southward or rather S.S.W.-ward until the Himalayan folds had all 
been flattened out and its thrusts replaced, Cape Comorin would find itself probably 
well south of the Equator.^ We have spoken above as if the Himalayan com¬ 
pression were the cause of the drift, but it would be equally logical, in the 
present state of our knowledge, to assume that the drift was the cause of the 
compression, or that both phenomena were results of some unkonwn cause. In 


1 If we include in this straightening process the rest of the Asiatic mountains as well 
as the Himalaya, and use a basis of only 4 :1, the drift inferred would be of the magnitude 
.of 3,000 kilometres, bringing Cape Comorin very close to Idadagascar. Treated in a similar 
manner, the straightening out of the Alps wo^d easily fill up the Mediterranean. (Vander 
Gracht. ^^Symposium on the Theory of Continental Drift;*’ Amer. Aitoe, Pttrolium Oiol^ 64 

mi)). 


THE GONDVrAKA COlTriKEKT 


HOT 


Chap. XXIV.] 

the same way a drift westward of South and North America from Africa and 
Europe, respectively, might have been the accompaniment of the piling up of the 
Andes and the Bocky Mountains. 

In the above example we have imagined one edge of the shirnking land*masa 
to be more or less fixed relative to the Earth's axis. The conception of such a 
shrinkage, involving as it does a drift of the unfolded towards the folded moun^ 
tainous margin, is however not enough. U we suppose that the mountain belts 
were in all cases fixed lines relative to the Earth's axis and that crustal movement 
was confined to a creep or drift of land towards these stationary folded margins, ws 
get no nearer to a solution of the Upper Carboniferous ice age problem. We 
should still have to account for an immense area of glaciated country many times 
larger than both our modern Arctic and Antarctic regions put together. We 
should still find glacial boulder beds at sea^level within the Tropics and along 
the Equator. The Talchirs of the Indian Peninsula would, in fact, be brought 
down very close to the Equator, while their equivalents, the Blaini beds and the 
Salt Range Boulder beds, would occupy lower latitudes than they do now. 

If we bring ourselves to accept the shrinkage of continental masses (the “Intra- 
continental drift" of Van der Gracht) as described above, is it possible to go a step 
farther and to accept a bodily drift of land-masses as a whole, t.e.., a movement 
relative to the Earth’s axis of every portion of such a mass, whether in a state of 
plication or not Only by such an extension of our conception can we gain assis¬ 
tance from the Wegener theory of Drift in understanding the Gondwana ice age. 
Only by a northward drift of several thousnad miles could we in this way explain 
the presence today of glacial tillitcs at low altitudes in the Tropics. It seems neces¬ 
sary, therefore, if the l)rift theory is to explain the present distribution of the Talchir 
boulder beds, to aepept a drift northward not only of India, but of Africa, South 
America, Australia and probably New Zealand. The shape of the submarine shelf 
which bears the Kerguelen Islands and St. Paul and extends eastwards to the 
Ifacquarics, is suggestive; assuming this shelf to be a submerged part of the 
Antarctic land-mass, we should have just as much incentive to suppose that South 
Africa and more especially Australia drifted northwards away from the Antarctic 
region, as we have for suggesting that the Americas broke away from Africa and 
Europe. 

Before the occurrence of any drift and before the plication of the Himalaya, 
the Alps, the Andes and other mountain systems, the Gondwana continent might 
thus be visualised as enveloping the South Pole, with its ice-sheets extending 
irregularly northwards, and its margins occupied by the geosynclines by which its 
boundaries can be traced. The first change would have been the formation of 
immense slanting fissures widening into broad seas as the ruptured portions of land 
drifted apart. These fissures and the broad belts of attenuation which they initiat¬ 
ed would have to be regarded as something more than the counterparts or minus 
equivalents of the mountain belts of thrusting and ovcrfolding which were formed 
a little later along other portions of the continent, especially along its margins, for 
they also represent compensation for the bodily drift (“Inter-continental drift") 
of the moving land mass. One of the great fissures, though as irregular in its course 
as a thrust-planei must have had a general latitudinal direction; others were pre- 
eumably more or less longitudinal but equally irregular, one dividing South America 
from Africa, another Africa from India, and a third India from Australia. The 
drifting apart of these land-fragments, it is supposed, took place eastwards and 
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westwards as well as northwards, and not necessarily at the same time.^ The 
greatest northerly drift, that of India, was accompanied by the formation' of the 
EUmalayan mountain system along a line at right angles to the direction of move¬ 
ment. The least northerly drift is shown by South America, whose physiography 
and structure lines are dominated by a westerly movement away from Africa, 
accompanied by the formation of the Andes, here again at right angles to the 
direction of movement. In Africa we seem to see effects intermediate between 
those of South America and those of India. The drift northwards is less than that 
of India but more than that of South America ; its post-Falseozoic tectonics, at the 
same time, are not so exclusively N.-S. as are those of South America, nor so E.-W. 
as those of India. 

The mountain system of consecutive arcs, one after the other, along the con¬ 
fines of India and Burma, would be readily understood as the result of the impinge¬ 
ment of one continent with its headlands and bays against the margin of another— 
or rather against the upfolded sediments off its coast. This point is referred to 
again in a later chaper, but appearances are exactly those described, the capes and 
headlands of the southern land-mass corresponding to the nodal points between 
which the rock waves curve southwards to form the series of mountain arcs. As 
would be expected, these arcs in practically all cases are convex towards the Indian 
Peninsula. The deepest penetration of this land-mass into the Tethys sediments 
must evidently be regarded as having taken place at the head of the Assam valley. 
Not only does this region appear to represent the northeast corner of the 
Gondwanaland, where the cost swung round from W.-E. to N.-S., but the 
corner seems to have been a particularly sharp head-land, judging from the 
way the rock waves have tucked themselves round it. A priori, it might be 
expected to have been the first point of obstruction between the two continents, 
one of which, we may imagine, was moving N.-.N.-E. wards into an enormous 
open bay comparable to the Great Australian Bight. This conclusion perhaps 
derives some measures of support from the fact that the Gondwana tillite has been 
recognised on the north side of the Great range at this end of the Himalaya ; else¬ 
where, it and other Gondwana strata have been identified only in the Lesser range 
to the south of the main chain. 

^ There has been wide diversity of opinion as to when the various ** drifts took place 
For instance, the mutual separation of South America and South Africa was thought by Taylor 
to have taken place in Permian times. Tate Regan, on the other hand claims that, &om the 
evidence of fresh-water fish, these two continents must have been connected with each other as 
late as the Cretaceous period. Bu Toit supposes that India began to drift away from Africa and 
Madagascar early in the Cretaceous. Many of the French geologists of Indo-China believe with 
Formaget that “ les pouss^es paroxysmiques du Continent de Gondwana contre Taile droite 
do U virgation de TArchipel asiatique ’’ were in full force in the Noric epoch. Whatever the 
date of the hypothesised drift may have been, it has been generally supposed that the eastern 
portion of the Tethys Sea remained closed throughout the greater part of its history, and that 
land communication between Angaraland and Gondwanaland existed in the vicinity of the Shan 
States of Burma and was only occasionally broken—if broken at all—between early Palao- 
soio times and the early Tertianr final phase of the Tethys gulf (See La Touche. Mem* XXXJX, 
Pt. pp. 350 and 365 (1913); aw Coggin Brown. Bee, LVI, 87-88 (1924)). The existence of such 
an almost permanent land bridge between the two continents is not easy to reconcile with the 
^eory of l^ift as applied to the Indian Peninsula. The presence of such a bridge has been 
involw to explain, among other things, the discordant between some of the Palsaozoio faunas 
of Buma and faunas of approximately the same age in the Himalaya; whether such lack of 
fiMtnal affinity between the two regions might be attributable to their belonging to the coasts 
of different and widely separated continents is a conjecture for future investigations to verify 
dr disprove. Incidentally, it cannot be definitely concluded that continental drift, if it occurred 
at all in Mesozoic or Tetiary times, had not taken place before. The presence of a luxuriant 
and almost tr<^ical coral fauna of Silurian age in high northern latitudes of Scandinavia rather 
suggests an ancient drift towards instead of away from the Poles. 
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Chronologically the above cunjectuial disquisition belongs to a later chapter 
if We are to believe that it was the Cretaceous or early Tertiary period which wit¬ 
nessed the fra^entation of Gondwanaland affecting the separation of India. 
Summing up, it must be admitted that, in spite of as yet unsolved difficulties 
the present distribution of the Upper Carboniferous tillites of the Southern 
Hemisphere is best explained on the assumption that they were originally con¬ 
centrated much nearer the South Pole than they are today, and that it was the 
northward component of a drift affecting the disrupted land*masses which 
brought such witnesses of an icy climate up to the Equator and beyond. 

Other glacial epochs in which the ice reached comparatively low latitudes were 
the Lower Cambrian, of which definite evidence has been recorded in South Australia 
(30®-35®S.) and China (Yangtze valley, about 31®N.), and the pre-Cambrian, of which 
indications are thought to exist in South Australia and are enquestionable in 
South Africa. In the northern and central portions of South-West Africa (around 
latitude 23®S.) a tillite—the Chuos Tillite—attaining locally a thickness of 1,500 
feet, forms part of a sequence corresponding to what has been termed the Archaean 
in this work.i Other tillites of later but still pre-Cambrian age have been recorded 
near Johannesburg (a little above latitude 23°S.) in the Government Reef series, 
corresponding probably to our Purana ; in these deposits are striated boulders over 
a foot in lcntgh.2 Another tillite with straited and facetted boulders occurs in 
a younger but still possibly pre-Cambrian formation, the Griquatown series, while 
a yet younger tillite- the Numees Tillite—has been found in Namaqualand in 
the Nama, a system which may correspond to the Cambrian.® The glacial zone 
with its scratched pebbles and boulders in the Table Mountain series (Upper Silurian 
to Lower Devonian) resembles in many respects the Dwyka Tillite exposed a few 
miles distant. 

Of the proximity of oceans to the Talchir ice-sheets evidence is to be found 
in marine beds along the borders of the glaciated areas ; such are to be seen in the 
Salt Range, south Rewah, the eastern Himalaya, South-West Africa, Brazil, 
Western Argentina, Western Australia, New South Wales, the Springsure district 
of Queensland, and Tasmania. In the southern parts of Cape Colony, the ice front 
appears to have floated off into an extensive body of fresh or brackish water. 

EVOLUTION OF THE WORLD’S FLORAS. 

Almost as mysterious as the extent and distribution of the glacial deposits 
are those of the Olossopteris flora which in places accompanied and everywhere 
followed them. In the history of the world’s vegetation, the earliest known 
assemblage of plants worthy of the term flora is that of Upper Devonian 
and Lower Carboniferous times. The outstanding feature of this flora 
is its cosmopolitan character. Whether in the Arctic regions, northeast 
Greenland, Spitzbergen, many parts of Europe, North America, South America^ 
South Africa, China, Australia and elsewhere, from one end of the world to the other, 
there flourished the same uniform type of plant assemblage, characterised by such 
forms as the archaic horsetail, ArchwocaUmites; the lycopods, Lepidodendrm, 
Vlodendron and Bathrodendron; the unplaced genera belonging perhaps to the 
pteridosperms, Archceopteris, Adiantea, Cardiopteris and Sphenopteris ; the ferns 
Rhacopteris and Ckpsydropsis; and the special type, SphenophyUum, Sir Albert 
Seward finds no grounds for assuming any essential differences in the broader 

® Du Toit. Geology of South Africa ”, 2nd Edit., 46 (1939). 

®/6id.,69. 
mid.. 141. 

9 QSI/64 


40 



1110 


MANUAL OF GEOLOGY OF INDIA AND BUBMA 


[V0L.II,, 


features pf the vegetation throughout the world at this time, and one of its cons¬ 
picuous characteristics is the occurrence of the same genus or even species in widely 
separated regions.^ On both sides of the Tethys, the ancient sea which covered a 
large portion of Asia during the Palseozoic and Mesozoic periods and stretched 
westward through southern Europe, this monotonous flora persisted until Upper 
Carboniferous times. Some of its genera found in the southern parts of Gond- 
wanaland are known to have flouriAed well within the Antarctic Circle. Of this old 
flora the balance of evidence favours the view that the ancient continent of Atlantis, 
of which Greenland may be a relic, was the chief centre of dispersal.^ The Rhacop-^ 
tsns-bearing horizon in the Po series of the Punjab Himalaya is the only known 
example in India of this older flora. 


During the prolonged period of the Upper Carboniferous, this uniformity 
was disturbed and a remarkable differentiation took place into two sharply con¬ 
trasted major botanical provinces, a Northern and a Southern, corresponding 
to two great continental regions, widely but not entirely separated from each 
other. In the Northern province a raii vegetation covered an enormous total 
area of swamp and low hills; in the Southern a less luxuriant type flourished, 
in proximity to retreating glaciers over a vast continent. The southerly con¬ 
tinent was christened by Suess Gondwanaland, while the northern province, 
known as Angaraland, included a continent stretching from Russia eastwards to 
the Pacific, with a large southeasterly extension, Cathaysia, covering Burma, Indo- 
China, Malaysia and the East Indian archipelago. Sir Albert Seward has allud¬ 
ed to the danger of making hasty generalizations on the subject of fossil plants 
as tests of climate.® Many recent plants can live and reproduce themselves in 
Arctic as well as temperate lands, and it is possible for tropical species to adapt 
themselves to cooler conditions. Certain it is that the genus of a plant gives us 
no clue to climatic conditions or temperature. Gleichenia is instanced as one of the 
commonest ferns in the Tropics but the genus includes species which grow vigorously 
at altitudes of 10,000-12,000 feet; many other examlpes of such adapt, ion could 
be cited. ^ Nevertheless, the differentiated Southern province of the late Palaeozoic 
flora is associated so closely with the great cold period which affected it, that the ice 
which carried the Talchir, Dwyka and various other boulders and pebbles, is 
naturally assumed to have been mostly responsible for the change, just as the 
Pleistocene glaciation was largely the cause of the distinction between modern 
European floras and those of North America and China. At the same time, from 
the evidence in South Africa, and less definitely in Australia and South America, 
it is to be inferred that, although there is a definite phytological break between 
the beds carrying the old Rhacopteria flora, as it is called, and the first appearance 
of the glossopterids, the change was not brought about without a struggle on the 
part of the older flora. The first glacial epoch in New South Wales seems to have 
been of too transient a nature to affect the vegetation, and we find abundant 
examples of the Rhacopteria flora 1,230 feet above the lowest tillite. The second set 
of glacial deposits are some 4,700 feet thick and obviously represent a cold climate 
of prolonged duration, and yet we find Rhacopteria-heaknng strata at intervals 
throughout, especiaUy in the upper half of the stage, and persisting to near the 
top. Lower Cari>oniferou8 plants in the northern hemisphere also flourished with 


^A* G. Seward. Q. J. G. N., LXXX, Ixii and Izziy (1924). 
SA. 0. Seward. Q. J. G. N., LXXX, Izz (1924). 

•Q. J. G. 8., LXXX, xevi (1924); 

^See Seward, jflnt. Asa,, p. 213 (1929). 
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vigour well within the Arctic Girlce. There must, therefore, have been places 
where the Rhacopt^ia flora found shelter from, or in other ways succeeded in 
surviving, a long period of severe cold; the great majority of its members dis¬ 
appeared from the Southern province before the Talchir epoch. 

Although the general lowering of the temperature, which must have preceded 
the ice age itself, seems to have been responsible for the initiation of the Qhssop^ 
teris flora, the latter as a hole can in no sense be regarded as exclusively a glacial 
flora. Sahni points out that there are apparently no traces of ice action in the rocks 
underlying or associated with the Gondwana plant beds of the invaded Northern 
province of Angaraland, from which it is obvious that these immigrants had 
already become accustomed to a warmer climate. 

Two facts point definitely to the conclusion, however, that the Glossopteris 
was still more capable than the Rhacopteris flora of enduring and surviving the 
rigours of an Arctic climate. In the first place, unless we accept the unlikely 
h^othesis of a change in the position of the Earth’s axis relative to its surface, the 
discovery of Glossopteris types in the Antarctic, only 300 miles distant from the 
South Pole, witnesses to the power of the flora to flourish in the extreme cold of the 
Polar regions. Secondly, in South Africa, South America and Australia, members 
of the Glossopteris flora occur below and amongst, as well as above, some of the 
tillite, proving that the differentiation in the world’s vegetation had commenced 
in these parts at any rate, before the end of glacial conditions. At Vereeniging in 
the Transvaal, leaves of Gayigamopteris have been noted among the boulders of 
Dwyka conglomerate at the actual point where they rest directly on a striated 
pavement of older rocks; above the Gangamopteris-hmung sandstones of the 
same area is some redistributed tillite and this is followed by a thin succession of 
beds with Triassic plants. At Bacchus Marsh in Victoria also, Gangamopteris 
and Schizoneura have long been known to occur interstratified with the glacial 
deposits. 

The Northern Province. —In the Northern province, which included the 
ancient continent of Angaraland covering much of Siberia and Russia, there is 
also a phytological break but of a less revoultionary character, and the old cosmo¬ 
politan Hhacopteris flora suffered but few and normal evolutionary changes 
in giving place to the lepidodendroid type. Many of the old forms persisted 
but several new forms made their appearance and the vegetation, still in the main 
homogeneous, became much more luxuriant, covering a monotonous landscape of 
swamps. Northwards it reached at least as far as Melveille Island and Banks Land, 
while to the south it can be traced to Afghanistan, southwest Persia*, and other 
portions of the northern shore of the Tethys. Westwards it flourished in North 
America, and eastwards many of its types have been recognised in the vast coal¬ 
fields of China. Members of the Northern flora have been identified in Sumatra 
and the Malay Peninsula, countries which formed part of the Cathaysian extension 
of the Angara continent, while some of the vegetation of central Shan-si agrees 
closely with that of North America and Europe. 

There is no evidence of glacial conditions and the term tropical has been applied 
to the climate under which this Northern flora existed. Whether this word is 


^The SigiUaria found in the Bakhtiari country of southwest Persia belongs probably to 
his northen^rovinoe ; it is described as close to 8* brardi, a species found in the English Upper 
And Middle Coal Measures and elsewhere in the uppermost Carboniferous and Lower Pei^an 
A. 0. Seward. Phil Trana. Boy, Soc., 221, B, 377 (1932)]. 


40a 



1112 MAK0AL or GEOLOGY OF INDIA AND BURMA [VOL. 11, 

justified or not is a question which has been discussed by Seward and others.^ 
A recent study by Dr. Eric Norin of the chemical composition of the sediments 
containing the plant remains in the Shan-si province of China has led to the opinion 
that the beds and their Oigantopteris flora accumulated in a very damp tropical 
climate.^ Sahni cities, as evidence in favour of the same onclusion, the frequency 
with which the Palaeozoic “ tree-fern ”, Psaroniu$, so common in the Permian 
forests of Europe, is seen to bear epiphytic growths among its aerial roots.^ A 
general absence of well-marked rings of growth in the wood of the trees indicates 
perhaps the absence of sharply contrasted seasons, but the concusion seems valid 
that the climate of Angaraland was mvch more genial than that of the Gondwana 
continent during the Upper Carboniferous and early Permian epochs, and cherished 
a much more luxuriant vegetation, perhaps comparable to that of present-day 
tropical forests. 

It was in Upper Carboniferous times (Middle Coal Measures) and in this province 
that the family of lycopods reached their culmination, represented chiefly by 
Lepidodendron and Sigillaria^ Among the Equisetales the predominant form was 
Catamites; there were numerous examples of pteridosperms and ferns, and in 
addition a few species of cycads, cordaitalids and sphenophyllalids made their ap¬ 
pearance. 

Although the Northern, vis-a-vis the Southern, may be regarded as a single 
botanical province, it can be differentiated by certain not very pronounce pecu¬ 
liarities into three sub-provinces : (i) the Arcto-Carboniferous, characterising parts 
of Europe and eastern North America and possibly with some connection across a 
portion of the Arctic regions, (ii) the Gigantopteris flora, covering western North 
America and China, extending southwards to Sumatra, with perhaps a connection 
across the other side of the Arctic regions, and (iii) the Angara flora, stretching across 
Asia from the Urals to the Pacific and southwards to the vicinity of Kashmir. 
Prom the Indian geologists* point of view, the most important of these floras or 
sub-provinces are the Oigantopteris and Aagara ; the latter was composed to a 
large extent of genera and species peculiar to itself, but included a few elements of 
the other two Northern sub-floras.* As will appear, both the Angara and Oigan¬ 
topteris sub-floras include a few immigrants of the Southern or Olossopteris assem¬ 
blage. 

The Southern Province. —With regard to the Southern province, whose con¬ 
fines have been already outlined, a marked change in the climate seems to have 
extinguished most but not all of the old forms of vegetable life. There is little 
doubt that the new flora, the Olossopteris flora, originated in the south, perhaps on 
a Paleozoic predecessor of the Antarctic continent*, but of the stages by which 
it evolved nothing is known. Once established, however, it not only held its 
own but, as will be shown, invaded the Northern province. 


Plant Life through the Ages ”, 2nd Edit., 263 (]933). 

* Qedl. Foreningens I Stockholm Fdrhandlingar, Jan.-Feb., 1924, p. 39 ; see also T. G. 
Halle. Pal. Sin., Sor. A, Vol. II, Fax. 1,11-12, 291 -292 (1927). 

^Joum.Ind.Sot.8oc.,yolXV 922(1936). 

* fi. Sahni. Current Sei., IV»No. 6, 386-390 (Deo., 1936); Proc. Ind. Acad. Seu (1936)» 

* Sewazd. Brit. Am., 210 (1929). 
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Character of the Glossopteris flora. —The Glossopteris assemblage, the 
four essential forms of which were Olossopteris, Oangamopteris, PhyUotheca and 
Sohizoneura was one of the most notable and widespread offossil floras, and bears 
evidence of a remarkable change in certain features of the vegetation in the southern 
hemisphere. As in the Northern province, the same ancient plant groups of 
the Lower Carboniferous still find a place in the flora which soon becomes enrich¬ 
ed by the appearance of cycads, conifers and the Ginkgoales, though the genera 
differ from those of the north, and the flora as a whole is more meagre. It is 
distinctly a land flora, and apparently composed largely of plants of low growth 
and very broad leaves. Catamites and its prototype, ArchcBOcalamites, both persist¬ 
ing in the Northern province, are unknown in the late Palasozoic rocks of Gond- 
wanaland, their place being taken by PhyUotheca and Schizoneura. PhyUotheca, the 
more abundant and more varied genus, is found in all the four most important 
sub-provinces of Gondwanaland, but is especially characteristic of Australia where 
Arber suggests it may have originated.^ Schizoneura is a more distinctive type 
and, though occurring in South America, is rarely found outside India, where it 
seems to have first appeared and whence it may have spread to more distant regions; 
it did not attain its maximum distribution till Triasso-Bhsetic times. Glossopteris 
and Oangamopteris, between which it is not always easy to distinguish are the 
two most familiar forms of the flora and are related probably more to the pteridos- 
perms than to the ferns. In both these forms, which flourished in such abundance 
that in some places whole beds appear to be made up of their remains, “we have 
fronds pre-eminently characteristic of the southern type of flora, and quite distinct 
in form and nervation from any known representative of the northern province.’* 
Both are found nearly everywhere within the boundaries of Gondwanaland. 

One of the marked features of the Glossopteris flora is its widespread and uni¬ 
form character, several of the forms in widely separated regions being specifically 
identical. Glassopteris browniana, for instance, has been recognised in India, 
Australia, Tasmania, South Africa, East Africa, South America, and the Falkland 
Islands; Glossopteris indica in India, Tonkin, Australia, Tasmania, South Africa. 
South America, the Falkland Islands and Antarctica ; Oangamopteris cyclopteroides 
in India, Australia, Tasmania, South Africa, South America, the Falkland Islands 
and Antarctica ; Cordaites (Noeggerathiopsis) hislopi in India, Australia, Tasmania, 
South Africa, East Africa (?) and South America . Neuropteridium validum^ 
Sphenopteris polymorpha and other forms, though not quite so ubiquitous, also 
have a wide geographical range. 

Northern types in the Southern province.— In the Southern province, 
very few members of the old pve-Olossopteris world flora found it possible to adapt 
themselves to and persist under the new conditions. Such survivals, however, 
can perhaps be identified in the so-called “Northern types** which in certain parts 
of Gondwanaland are found mingled with the new vegetation. Professor Sahni 
has suggested that some of them at least are not necessarily emigrants from the 
Northern province but survivals or descendants of the old cosmopolitan flora. 
It would not be easy to distinguish between such survivals and genuine migrants 
from the north, but it seems highly probable that many of these extraneous types 
are persistent relics of the Lower Carboniferous flora. At the same time it will 
be convenient to refer to them as Northern types, meaning by that term simply 


1 Arber. Brit, Mus, Cat, Olosa, flora, p. xxiii (1905). 
* Arber. Jbia, xxvi. 
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that they have closer relationships with the Northern flora-—f.e. with a vegetation 
which had changed less since Lower Carboniferous times—^than they have with 
the Olossopteris assemblage amongst which thc^find themselves. A few examples 
will illustrate this point. 

Of all such Northern forms, the lycopods, which had been particularly abundant 
and widely distributed during the earlier Carboniferous epoch, are the most 
numerous and widespread of the extraneous types found in the Gondwanas of 
South America and South Africa; as examples we may cite Lipidodendron 
pedroanum from the Upper Carboniferous of Brazil, a form found in the Lower 
Carboniferous of the Argentine and practically indistinguishable from a species 
in the pre-Gondwana rocks of Peru, and Cyclostigma leslii, a species found in the 
Ecca series of South Africa and also in the pre-Gondwana rocks of the same region. 
Other localities in South America yielding Northern forms are Gachala in Colombia 
—^with Calamites, Gordaites and Neuropteris^ —and Cachabamba in Bolivia where 
Lepidophloios is found in beds lying beneath fossiliferous Uralian rocks.* In the 
South African Ecca beds, there are more than one species of Lepidodendron and 
Sigillaria including the above-mentioned Lepidodendron pedroanum, a species of 
Psygmophyllum, and some seeds of Northern type. Rhacopteris, a pre-Gondwana 
genus, is associated with Olossopteris and Oangamopteris in the Argentine and is 
regarded by Sahni as most likely a survival, in spite of the fact that the old Rhaco- 
pteris flora, although well represented in eastern Australia, has so far not been 
observed in South America in beds antedating the appearance of the Olossopteris 
flora.® Voltzia heterophylla is another typical Northern form sometimes found 
in the southern continent. 

In South Africa and South America, therefore, i.e., in the western half of Gond- 
wanaland, there is clear evidence of the admixture of the Southern and Northern 
^pes of vegetation, the interpretation of this association being either that the 
Northern types migrated southwards from the Angara continent or, what seems 
more .probable, that the majority of them are survivals or descendants of a few 
of the older plants which evolved along the same lines they took in the north and 
found it possible to adapt themselves to conditions very different from those of the 
forest swamps of Europe and north America. In a few cases, it seems easier to 
believe in the migration of certain Northern forms from north to south, and since 
we have some evidence of land connection between the two great continents there 
may well have been some movement of plant types in this direction as well as the 
more definite and perhaps more extensive invasion from south to north. 

Cases of such admixture, if present at all, are rare in India and Australia, 
where the flora is of a purer glossopterid character, but Catamites is recorded 
from the Lower Coal Measures of New South Wales, and the scrambling or climbing 
plant known as Sphenophyllum {Trizygia), found in both those countries as well 
as in South Africa, appears to be a Northern form, dating back to the Upper 
Devonian, while a doubtful specimen of Bothrodendron has been described from 
♦he Lower Gondwanas of India. Lastly, there is a suggestive resemblance between 
a plant axis named by Eeistmantel Dictyopteridium speriferum from the Raniganj 
rocks of the south Bewah basin, and Gothan k Sze*s RMzomopsis gemmifera from 

* H. Gerth. ** Gedogie S&daiUerikaB ”, Vol. I, p. 138, Berlin, (1932). 

® A. Du Toit. ‘ ‘ Our Wandering Continents,” 70 (1937). 

• B. Sahni. Proe, 13th Ind. Set. Oengr. 242 (1926); A. Du Toit. C. R. Conor,, omI 

<iK«nio«., XV. 240 (1929). ^ 
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the Peimian of China, a species which maj realty belong to the genus Qigavdoptens.^ 
As an example of survival, attention may be drawn to the widespread Southern 
form, Oordaites (No^gerathiopsis) hislopi, which, it is not impossible, may have 
been derived from some very similar leaves in the Devonian beds of New South 
Wales and Victoria. 

Before leaving this aspect of the subject, mention may be made of some euryp- 
terids, animal companions of typical members of the Olossopteris flora in the Bra¬ 
zilian Coal Measures and very similar to species found in the pie-Glossopetris 
rocks of South Africa. 

Southern types in the Northern province.—As in the Southern, so also 
in the Northern province we find examples of admixture of the two types of 
vegetation, but here there is no question that the invaders came from the south. 
This irruption of members of the Olossopteris flora into the Northern province took 
place on an extensive scale and several portions of the old Angaraland show signs 
of this immigration. The normal permian flora of Russia and Siberia shows, 
by the possession of many common types, its connection with western Europe and 
North America, but accompanying them in many widely scattered localities, 
members of thGOlossopteris flora prove by their presence that there was some means 
of communication across the Tethys Sea during the latter part of the Palseozoio 
era. From northern Russia, through Siberia and northwest Mongolia to the Pacific 
coast, there is found this association of Northern and Southern types. Europe 
itself is not without these exotics and the four typical genera of the immigrant 
flora— Olossopteris^ Oangamopteris, Phyllotheca and Schizoneura —are known to 
have been present in that continent in either Permian or Lower Mesozoic times. 

The first found evidence of this northward migration was the now classical 
discovery of Amalitzky in the Upper Permian of the River Dwian of three species 
of Olossopteris, and of Oangamopteris cijclopteraides, side by side with species of 
CaUipteris and other European forms, and all of them in association with remains 
of reptiles agreeing with Lower Karroo species in South Africa. Incidentally, this 
is the most northerly occurrence of the genus Olossopteris, Thus Olossopteris and 
Oangamopteris reached northern Russia before the close of the Permian period. 
Both persisted until Triassic times in Mexico, but the former survived and estab¬ 
lished itself in the Rlnetic floras of Tonkin, southern Sweden and eastern Green¬ 
land ; this is the highest geological horizon that Olossopteris is known with 
certainty to have attained. The Palaeozoic genera, Schizoneura, Phyllotheca and 
Neuropteridium, by the Triassic period had spread as far as western Europe, while 
Phyllotheca survived until Lower Oolitic times in Italy. Neuropteridiuin and a 
Schizoneura very similar to an Indian species are found in the Bunter of the 
Vosges.® The Olossopteris flora died gradually in South Africa and possibly in 
South America, and in some places co-existed with a well developed Mesozoic 
flora ; in Australia the change from one to the. other was more abrupt. In India 
the glossopterids did not survive the Panchet. 

Indo-China, Siam, Malaysia, perhaps a portion of Burma and many of the 
East Indian islands, all formed a southeasterly extension of the Angara land-mass 
known as Cathayala. The restricted Permian flora of central Sumatra is of purely 


1 H. S. Rao. Hec., LXIX, 17M72 (1935). 

® Other genera more or less common to the two floras are Odontopteris, Proloblechnum, 
RhipHopais [Joum. Ind. BoU Soc., Vol. XV, 327 (1936]. 
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Northern type, with no trace of a Olossopteris element, seven out of the nine deter¬ 
mined species being identical with or allied to well known European forms. 
Becently Oigavdopetris nicotinaefolia Schenk, has been found in northern Laos. 
Tonkin has yielded a flora which is Northern in general character in spite of the 
reported occurrence therein of Noeggerathiopsisy two species of Olossopteris and 
PakboviUaria "kurzi Feistm.; if these anomalous elements are not wrongly deter- 
minedS they may be regarded as exotics in a Bhestic assemblage which is mainly 
of Northern type. Showing unmistakable affinities with this Tonkin flora and 
several identical species, is one collected by Coggin Brown at Miaotswajr and 
Yunnan Hsien in Yunnan. Among them are Twmopteris jourdyi, Equisetites 
sarrani and Cycadites saldini; in addition Sir Albert Seward has recognised a 
Dictyophyllum which may be D. remauryi or D. fuchsia and a Podozamites —possibly 
P. distans.* Some eighty miles farther to the northeast, the Coal Measure series 
exposed in the Yang-tze valley in northern Yunnan, in the neighbourhood of 
Chiu-ya-p’ing, Hsinkai, Hsing-chuang and Ma-ch’ang, composed of soft, grey 
sandstones, yellow or reddish-yellow shales, carbonaceous layers, coal seams and 
limestones, has been referred to the Bhsstic on the evidence of its plant remains. 
From the roof of a coal seam at Tai-pin-ch’ang on the frontier of Yunnan and Ssu- 
Ch’uan, Zeiller has indetified: Cladophlebis roesserti Presl., Ctenopteris sp., identical 
with an undescribed Tonkin species, Twniopteris aff. immersa Nath., Olossopteris 
ifidica Schimp., Dictyophyllmn exuile Brauns., Clathropteris platyphylla Gopp., 
Pterophyllum cf. longifolium Brongn., Anomozamites inconstans Brauns., and Ptilo- 
phyllum acutifolium Morr.® 

There is an unconfirmed report of the occurrence of Phyllotheca and Vertebraria 
in the Sarawak coal measures of Borneo.* A more reliable case of immigrations 
however, is the occurrence in northern Laos—in the same locality and same beds 
which yielded the Oigantopteris —of Schizoneura gondwanensis Feistn.* this form 
is associated with the Triassic plant, Neuropteridium aff. polymorphum^ an associa¬ 
tion which seems to prove that one of the transient connections which appear to 
have united the Angara and Gondwana continents from time to time, especially 
in the Indo-Chinese region, was effected as early as Lower Triassic times.* 
Olossopteris mdica is said to have been found at Tai-pin-chang (in Bhsetic strata), 
north of Yunnan-Fu, in the east of Tonkin, in north Annam and in northen 
Haut-Laos. 

Communication between the Northern and Southern continents.—In addition 
to plant evidence, there are other indications of connection from time to 
time between the northern and southern continents. The presence in south and 
central Africa of Bussian species of the fresh-water Palwomutela is not the only 
example. Where such land connection was effected is not known and, it must 
be confessed, its existence is difficult to reconcile with the theory of continental 
drift. We are led to believe that communication between the northern and 
southern continents was effected long before the supposed drift of one towards 

^ B. Sahni found that in this collection **Noeggerathiopais hislopi'* at least was a wrong 
determination. 

* Gen. Rep. Bee. LXII. 26 (1929); libd., LXV, 22 (1931). 

» CJl. Acad. Set., eXXX, 186 (1900); J. Coggin Brown. Ree., LIV, 331-2 (1922). 

* Nature, XXXI, 583 (1885). 

* M. J. Fromaget. O. R. Aead 3ci., Vol. CXCVII, 341 (1933); J. Coggin Brown. Rec., 71, 
208(1936). 

* Other plants from these beds are : Pecopteris hemitelioides, Cordaitea of. prineipat*s, 
Phufloiheea (1) of ddiqueaeena, Protbleehnum wongi Vromaget. ••Contrih. d V6tnde stmoturale 

. da snd-iist de I’Asie’* (1934). 
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the other, and existed during the greater part of the Paleszoic era ; there are, for 
•example, signs of inter-communication soon after the Talchir ice-age, an epoch 
during which we have visualised the as yet undismembered Oondwana- 
land-masB lying concentrated near the South Pole. As an example of the kind of 
discrepancy which presents itself, let us take the case of the Oangamopteris beds 
of Kashmir. These beds show distinct relationships with the Angara flora, a fact 
which led Dr. B. Sahni to suggest many years ago that Ksahmir may have lain 
on one of the routes of migration from one continent to the other.^ Psygmophy- 
typically northern genus, well represented in the Angara flora, is abundant 
in the Kashmir beds ; Oangamopteris kashmiremis is closely similar to the so-called 
'‘*6los$opteris angarica** (which Sahni believes to be a Gangamopteris); and the 
fragmentary Callipteridium from the Golabgarh Pass has been compared by Sir 
Albert Seward to the northern Permian species Callipteris conferta. On the 
other hand, in the Salt Bange only 120 miles away to the southwest, is the 
Talchir Boulder Bed with ice-scartched pebbles, which, according to the Drift 
theory, originated in much higher latitudes many thousands of miles further 
south in an epoch not very much earlier than that of the Kashmir plant beds. 
The Kashmir flora is a meagre one and, as Sahni himself remarks, its suggested 
•afiinity with that of Angaraland may be less close than it was at flrst imagined to 
be,* but that somewhere or other there was between the two great land masses 
a communication along which glossopterid plants found it possible to make their 
way is difficult to refute. Perhaps it lay between the Australian end of Gondwana- 
land and the Indo-Chinese peninsula of Angaraland (Cathaysia), a region of 
shifting gulfs a,nd lagoons, geosynclines and anticlines, throughout a large part 
of the stratigraphical record. Further work will no doubt do much to reconcile 
discordances such as that instanced, and it may be that some of them are expli¬ 
cable on the assumption of earlier “ drifts ’’ than the one which has been so much 
under consideration. 

The Geography of Asia from Upper Carboniferous times to the end of the 
Trias. —The southern continent of Gondwanaland formed one of the most 
prominent features of the globe from Carboniferous to the end of Meso¬ 
zoic times, but dated for the most part from a much earlier age. No doubt there 
were variations in temperature and climate in difTerent parts of this vast land 
urea, but conditions seem to have approached uniformly to an unusual degree 
•and have been compared with those pertaining to the modern Greenland. The 
basal moraines of southeastern Australia are somewhat older than those of other 
parts of the continent, and their accumulation accompanied widespread and pro¬ 
longed volcanic disturbances. In Australia, in fact, glaciation began in the Culm 
or Middle Carboniferous epoch, and after recurring four or five times disappeared 
finally towards the end of the Permian; the inter-glacial intervals denote a milder 
climate, especially that between glacial stages 4 and 5 during which an important 
series of Coal Measures were accumulated. The third of these Australian glacial 
epochs was the only one which seems to have affected the Indian area. The 
Olossopteria flora, which in some places appears to have arrived with the ice, 
flourished more abundantly during the long breaks between the icy spells and 
overran Gondwanaland throughout the Permian period. 

The northeast coast of Gondwanaland seems to have followed more or less 
closely structural trend lines parallel to those which dominate this region today, 


1 Proc. JSth. Ind,. Sd. Congr., 240- 241 (1926). 
» IV, 387 (1936). 
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and swung abruptly southwestwards and southwards from some point of the syn- 
taxis north of Burma, curving round somewhere southwest of Sumatra and east¬ 
wards past Java to the northern margin of Australia and thence on to New Zealand. 
We have drawn this line to the southwest of Sumatra in spite of the reported but 
doubtful occurrence of a Talchir tillite on the east coast of Perak, lying upon a 
limestone of Carboniferous age (Raub series), and situated, therefore, to the north¬ 
east of Sumatra ; the Permian flora of central Sumatra is predominantly Northern 
and a marine fauna of probably Lower Permian age occurs at Padang on the 
southwest coast of the island, facts which respectively indicate that the coast¬ 
line which obviously traversed Sumatra about that time was that of the Cathaysian 
portion of Angaraland and that the Gondwana coast lay somewhere to the southwest 
of the present-day limits of Sumatra. We may also take the liberty of question¬ 
ing the reported occurrence of tillites from Siam. This section of the Gondwana 
coast would have afforded means of intercommunication between the Eurydesma- 
containing sea of the Salt Range area and that of the Australian region at the 
close of the Carboniferous period (Uralian).^ 

Of the northern coast of this southern continent in late Carboniferous and 
early Permian times we find indications in the Salt Range, Kashmir and the foot¬ 
hills of the Assam Himalaya, with a marine indentation extending to southern 
Rewah. 

In Uralian times there was a widespread transgression of the sea over souhteast 
Asia, and the communication of the Himalayan gco-syncline with the Meditera- 
nean of Europe, if, as seems possible, it had been closed during the Moscovian 
epoch, was re-opened to permit an exchange of faunas from one end of Asia to 
tne other. It extended over part of Burma into Tonkin, Laos and eastern Yunnan, 
up into central China and probably down into upper Siam and the East Indies, 
and across to western Australia. Along the southern shore of this Tethys Sea 
flourished a marine fauna which, although similar in general facies and composi¬ 
tion to that which inhabited its deeper waters, exhibits minor individualities due 
to differences in environment and conditions of depositoin.® The Fusulina and 
Schwagerina fauna of the deeper parts have been traced from central Asia, across 
Turkistan, Chitral and northern Afghanistan to Asia Minor, the Ural Mountains 
and European Russia. Thus the only fusulinids known in the Salt Range, Fusulina 
longissima Mol!., F, kattaensis Schw., and F, pailensis Schw,, are found throughout 
almost the whole of eastern Asia, the first being, besides, very abundant in Russia.^ 
Similar great masses of Fusulina limestone occur in Turkistan and in the Southern 
Pamir, corresponding to the Schwagerina and Lithostrotion limestones of the 
Persia-Armcnia border country. The Upper Carboniferous in its marine facies 
has been identified in the Euen Lun range, and recognised in disturbed and 
fragmentary patches in the Tian Shan, but appears to be absent in Siberia. The 
southern shore of the Tethys was the scene of great volcanic activity, commencing 
before the close of the Upper carboniferous epoch and continuing until Triassic 
and perhaps in places still later times. 

^ Aoocrdmg to Du Toit, the presence of the New South Wales Eurydesma fauna in 
South-West ^rica, as well as that of the Stuchpuria fauna in Southern Brazil, 
is due to the migration west-wards along the Samfrall geo83n!io1ine a depression 
stretching from Eastern Australia across to the lip of South Africa and theaoe to 
Argentina. 

* Pal. Ind. Vol. VI, Mem. New. Sor., No. 4,131 (1925). 

* M. Fromaget. ** Oontrib. a Tetude structural du Sud-Est de 1* Asia/* (1934).' 
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As we have seen, there are strikingly f'lose resemblances between the earl^ 
Upper Carboniferous fauna of the Salt Bange and that of New South Wales, indi¬ 
cating probably a continuous coast from one area to the other. Daring the Lower 
Permian, the Pacific element including that of Western Australia, is still the 
strongest outside feature in the fauna of the Salt Eange (Lower Productus Lime¬ 
stone), according to Dr. Cowper Reed^ though the Boreal is present in a much 
smaller degree. At the end of the Lower Permian, however, a marked change ia 
seen in the fauna of this area, due either to the removal of some barrier or obstacle 
or merely to the successful advance of Boreal forms. The resemblance to Australia 
has ceased and is replaced by Boreal affinities. To the Russian Ural area of de¬ 
position the Salt Range shows a very close relation during the Middle and Upper 
Permian epochs a much closer affinity than it does to any other part of Europe or 
to any part of Asia or America. In the Middle and Upper Productus faunas 
(Middle and Upper Permian) it is the Boreal element, and especially that part of 
it developed in the Urals, which is prominent. The Western or European element 
is described as scarcely noticeable, while only a few North and v^outh American 
representatives of the Pacific element are present. Dr. Reed concludes that in the 
Middle and Upper Productus Limestone the autogenous element is more strongly 
marked and the number of peculiar local species exceeds all otliers. 

The above change may have been due to some alteration in climate which 
encouraged the immigration of Boreal forms. Nevertheless, the Productus Lime¬ 
stone fauna of the Punjab can be closely matched among the rich Permian collec¬ 
tions from the East Indian islands of Rotti and Timor ; common to the two regions 
there are no less than eleven forms. The Plateau Limestone of north Burma 
contains one or two assemlilages which appear to be of Lower Permian age ; it 
has also yielded a fauna exceedingly close to that of the Salt Range Middle Produc¬ 
tus Limestone (Middle Permian), and close to that of correspondig beds in the 
Himalaya, while the Moulmoin Limestone of south Burma not only shows relation¬ 
ships with these Salt Range beds but also contains Schwagrripo, A fauna with 
Productus Limestone affinities has been found in western Persia. 

Dr. Cowper Reed is of opinion that Tethys could not have been a continuous 
sea during the whole Permian period, but must have extended in various directions 
and hav^> be^n divided occasionally into more cr less distinct basins or arms 
resulting in the development of local species, especially in the Salt Range area» 
With its Zewan beds and Productus Shales, nevertheless, it remained the channel 
of communication between Europe and the Chinese basin by way of the Kuen, 
Lun region, Turkistan, Persia, Armenia and Asia Minor, throughout most of the 
Permian period. Besides a large part of Burma, the Middle Peimian sea also 
covered Yunnan, most of Indo-China w^hcre the whole system is well developed, 
probably parts of Siam, the southwestern edge of Sumatra, Rotti, Timor and other 
East Indian Islands. 

During the warmer and drier climate of the Trias or Panchet. the Glossopteris 
flora dwindled and faded and probably did not survive this period in India ; in 
New Zealand and Tasmania one or two relic.s of it persisted and in various parts 
of the northern continent a few of these foreign plants co-existed with a well 
developed Mesozoic vegetation. The widespread advent of desert conditions 
seems to have been responsible for a crisis in plant evolution during the Lovrer 
Trias, and the initiation of the “ Thinnfeldia flora ” of the Upper Trias and Rhsetic. 
This change in flora was characterised by a return to the uniformity which had 


1 Pal /n<I..New Ser. XXIII, Mem. 2. 375 (1943). 
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prevailed over the world in Upper Devonian and Lower Carboniferous times. There 
iis little difference between the Mesozoic floras of the Northern and Southern pro¬ 
vinces, and the Upper Gondwana plants differ in no marked features from their 
contemporaries in Angaraland. The Jabalpur and Umia floras, for example, show 
4i much greater definiteness of relationship to European floras of the same age. 
There are at the same time in the Mesozoic floras signs of the same adaptability to 

? ;reat differences in temperature and climate ; the Jurassic flora of Graham Land, 
or instance, close to the Antarctic Circle, includes several species identical with 
Upper Gondwana plants from India as well as with Jurassic forms from the 
Yorkshire coast.' 

In Triassic times we find the remains of reptiles, and to a lesser degree of amphi¬ 
bians, scattered all o\er the various relics of the Gondwana continent. In South 
Africa especially their bones form an illuminating chapter in vertebrate evolution. 
Throughout the rest of the Mesozoic these types lingered on until the vast volcanic 
disturbances of the Deccan Trap and its homologues, during which they seem to 
have perished. The later history of the Gondwana continent will be considered 
in later chapters ; at this state it is only necessary to point out that even in the 
igneous rocks, both intrusive and effusive, we find the same resemblances and uni¬ 
formity in the various surviving sections of this ancient land-mass. The peridotites 
of Darjeeling, Raniganj, Jharia, Giridih, Deogarh and Ramgarh are closely paral¬ 
leled by the diamond-bearing peridotite of South Africa which intrudes 
carbonaceous beds of about the same age as the Damuda (Ecca beds and Kim¬ 
berley shale); in addition are the basaltic dykes, the effusive representatives of 
which are seen capping the Stormberg sedimentaries and thus occupying a 
position equivalent to the Rajmahal traps of Bengal. 

From the beginning to the end of the Triassic period, the general configuration 
•of the Asiatic region seems to have suffered very little change. The close of the 
Permian was marked by the formation of a complex system of mountain ranges 
over large tracts of the Angara continent which, with the great land-mass of 
Uathaysia to the southeast, made up what Grabau has termed the land of Pal- 
Asia. A long arm of the sea, known as the “Ussuri Gulf,'* stretched southwards 
into Angaraland from the Boreal regions to the neighbourhood of Vladivostok. 
At the end of the Permian period, while the Mongolian geo-syncline was being 
drained, the Tethys Sea might have retreated for a time from the Himalayan and 
Salt Range regions and, although it returned during the Lower Triassic epoch, 
^sedimentaion was reduced to about 100 feet in the Himalaya and about twice that 
thickness in the Salt Range, as compared with nearly 3,300 feet in the Alps and 
over 5,000 feet—nearly half being limestone—in Idaho. Throughout the Trias, 
the Himalayan geosyncline remained as part of the Tethys Sea and maintained 
its connection with Europe. Eastwards it covered southern China and sent a 
northerly arm over the Yung-ling geosyncline, curving round the eastern borders 
of Tibet. There is evidence to show that the southern shore of the Angara conti¬ 
nent which lay to the north of the Tethys shifted appreciably towards the south 
after the close of the Permian period. It is possible that sedimentation in the 
Himalayan region suffered local interruptions from time to time, but the sections 
give no impression of unconformity, and gaps in the faunal sequence may have 
been due partly to obliteration of organic remains subsequent to their accumula¬ 
tion, and partly to periods of non-deposition. 


' A. C. Seward, Q. J. G. S., LXXX, xcii (1924). 
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In Europe two types of deposits were being laid down daring the Lower and 
Upper epochs of the Trias in two separate basins, the northern mainly continental 
and the southern or Alpine typically marine ; during the Middle epoch these two 
basins became united along the line of the Rhine and deposition was of a marine 
type in both areas. It was the Alpine basin which formed part of the Tethys and 
extended eastwards across Caucasia, Armenia and Peria, northwest India and the 
Himalaya to China where the facies of the deposits is described by Grabau as margi¬ 
nal and of a shallow water character.^ The Triassic faunas of the Afghanistan- 
Bokhara frontier (Darwaz), Asia Minor and the Caucasus are closer to those of the 
Alps than to the Himalaya.* Farther west, the Alpine fauna is linked, at any rate 
during the Upper epoch of the Triassic period, with that of Siberia by the faunas of 
the Crimea and the Caucasus. In spite of local characteristics which distinguish it 
from that of the Mediterranean, the Triassic fauna of that part of the Tethys which 
covered the Salt Range, the Pamirs, the Himalaya, and parts of Burma, Yunnan,. 
China proper, Indo-China and the Malaya Archipelago, bears evidence of some 
connection with that region. 

Throughout all but perhaps the earliest part of the Triassic period, the eastern 
end of the Tethys seems to have been connected with the Indian and Pacific oceans 
by way of a channel skirting the western and southern shores of Cathaysia. The 
small Triassic fauna found in Singapore and Pahang, although including no forms 
completely identical with those of the Himalayan Trias, and only one (Modiolopsis 
gonoides Healey) from the Rhajtic (Napeng) beds of Burma, shows specific connec¬ 
tions with the Trias of Europe, especially with the St. Cassian beds of the Tyrol.® 
Similar affinities are shown by the Triassic faunas of Indo-China. The assump¬ 
tion of the presence of tliis channel is necessary in the opinion of Dr. Grabau to 
explain the presence of the Ceratites [Paraceratites] of the Lower Trias in the eastern 
Tethys. These could not have been derived from the Atlantic since the western 
Tethys was replaced by basins with continental sedimentation. Nor is the 
evidence in favour of all of them having originated in the Boreal province, “for 
those found in the deposits of the northern waters differ specifically, and often 
generically, from those which characterised the southern deposits”. In support 
of this contention is the presence of the cephalopod genera, DanvbiteSy Columbites^ 
and/nyote, characteristic of the Pacific American Lower Trias, associated with 
pseudomonotis griesbachiy a lamellibrancli found in the lowest Trias of the 
Shalshal cliff of Painkhanda, in some shales in eastern Tonkin. This is practically 
the only suggestion of the existence of Lower Trias beds in Indo-China, though 
early Middle Triassic faunas are known to occur in these parts ; in fact, most of 
Yunnan and Indo-China, during the Upper Permian and probably also most of 
the Lower Triassic epoch, was exposed to erosion. The American affinities of the 
Indian Lower Trias have perhaps been exaggerated. 


In the island of Timor there are several different facies of the Trias, representing 
simultaneous periods of deposition under widely different conditions.^ In the 


1 “Stratigraphy of China”, Pt. II, 6 (1928). 

» 0. Diener. Mem. XXXVI, 347 (1912). 

•R.B. Newton. Proc, Mnlae, Soc. IV, 134 (1900); Oeol. Mag,--- 487-496 (1906); Ann. 
Mag. Nat. Hist., Ser. 9, XII, 300-321 (1923;; L. B. Cox Ibid., Ser. 10, XVII, 213-220 
(19S6). 

<[H. Brouwer. '^Geology of the Netherland East Indies”, 18-24 (1936). 
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Lower Trias both the *'Otoceras*' and **Meekcceras** zones of the Himalaya are 
present, and with these two genera is associated Ophiceras. Professor Brouwer 
correlates the Owenites Limestone, which, unlike the *'Neekoceras** limestones 
of the island, includes numerous American types, with the Hedenstroemia beds 
of the Himalaya and with the Geratite Sandstone and perhaps the Upper Ceratite 
Limestone of the Salt Range. The Sibirites Limestone of Timor evidently corres¬ 
ponds to the zone of Sibirites spiniger in Byans, and is considered by Brouwer to 
be the probable equivalent of the upper part of the Upper Ceratite Limestone of 
the Salt Range. 

Various points are explicable on the assumption that in early Triassic time 
some corner of Gondwanaland became united, temporarily at any rate, with the 
main mass of Angaraland perhaps by way of the Cathaysian peninsula ; perhaps 
such a union would account for the cosmopolitan character of the Triassic flora. 
The absence of Glossopteris in Burma is due to the fact that the greater part of 
that country lay beneath the ocean at that time ; elements of that flora, however, 
Are found in definitely recognisable parts of Cathaysia. 

The confines of Cathaysia are indicated in a general way by the trend of the 
East Indian Islands, its coast sweeping southwards and curving eastwards, parallel 
to the present shores of Sumatra and Java. Omitting the several gulfs which 
pierced it at various epochs of the Trias, Cathaysia thus embraced at one time or 
another much of Yunnan and Indo-China. It was a region of geosynclinal folds. 
And its local vacillations from continental to shallow marine conditions make the 
correlation of its Mesozoic components difficult. According to M. Fromaget, 
Cathaysia was separated from the land to the north in Triassic times by a four- 
branched gulf which debouched into the southern ocean across the Kamawkala 
area of southern Burma. The most westerly of these branches is drawn as 
extending northwards through Yunnan into western China.^ 

In the Amherst district of Burma, only the Upper Trias (Carnic or Noric) has 
been recognised. In the western parts of Yunnan no marine facies of the Lower 
Trias has been identified, and the Middle stage is but poorly represented; in 
eastern Yunnan are found the Lower and a considerable development of the Middle 
Trias. The most widespread stage in Yunnan is the Upper Ladinian. In Indo- 
Ghina, besides the beds with a fauna suggestive of the Lowest Trias, early Anisian 
beds are known, but the most extensively distributed divisions are the Upper 
Ladinian and Lower Carnic ; the latter, represented in the Himalaya by the zone 
of Joannites cymbiformis, includes many of the species or their close allies found 
in the St. Cassian beds of the Alps. Over the greater part of Indo-China the Noric 
has a lagoonal facies, consisting of red earth with salt and gjrpsum and in places 
a flora which includes exotic specimens of Glossopteris indica ; in the eastern parts 
of the Haut Laos marine beds with Anodontophora milnsteri Wissm. are found at 
the base of this stage. In western Borneo the Triassic period begins with the 
Noric, in northern Sumatra with the Carnic*, while in Timor, on the other hand, 
there is a more complete marine sequence, as in the Himalaya, from the Lower to 
the upper Trias. The Upper Trias of the Sunda Islands (Nucula Marls) and of 
Sumatra (Padang beds) is described as of somewhat similar character to that of 
Yunnan. 

* BuU. Ssrve, gM, Indo-Chin/s, XVIII, Fase. 5, map apaoaed to p. Id (1929); see also 
^^Contribution d T^tude struoturale due Sud-JSst de TAsie*’ by the same author (1934). 

*J* W» Gregory. Nee. LXIIl, 158 (1980). 
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As a whole, the Upper Trias of the Malay Archipelago, exposed in the islands 
of Botti, Sumatra, the Sundas, Borneo, Timor, Serang, Savu and Misol, as well 
as that of Tonkin, Annam and the Laos States of Indo>China, belongs to the Hima¬ 
layan province but forms a connecting link between this region and th ^Pacific ; 
uninterrupted connection between the Tethys and the Pacific, for some part of 
the period at least, is thought to be confirmed by the Indian and even Mediterra¬ 
nean element in this Triassic faunas of New Caledonia,^ and the character of the 
New Zealand Trias. 

On the Arctic island of Kotelny in New Siberia, the Carnic Stage is represented 
by shales and marly lime»:tone8 with Halobise of Indian affinities; cephalopoda 
are rare and are limited mainly to species of Cladiscites, pinacoceras and Arcestes. 
In California, the Carnic stage is present in the form of the Tropites beds which, 
although having species in common with Himalayan forms, show much closer 
faunistic affinities with the Mediterranean equivalents. 

The recent discovery of what is probably the lowest zone of the marine Lower 
Trias above the Plateau Limestone of the Northern Shan States indicates that the 
reefs of the Devonian, Carboniferous and Permian lingered on, in some places at 
any rate, into the oldest epoch of the Trias. 

In the Noric epoch, the earlier deeper-water sedimentation in Cathaysia was 
replaced by deposits of shallow-water type, accompanied by a still further 
encroachment upon the land. The retreat of the sea from the gulfs led to deposition 
under swampy and lagoonal conditions, as indicated by coal seams and beds of 
salt and gypsum. Elsewhere, in depressed areas, continental degradation gave 
rise to vast accumulations of epicontinental red beds. In Dr. Coggin Brown’s 
opinion, the earliest date of the latter probably varies considerably from place 
to place ; over large tracts of this interesting region they began perhaps as early 
as late Permian, were well established during the Trias, and continued through 
the Jurassic into the Cretaceous and Tertiary. Diener notes that the exchange 
of faunistic elements between America and the Himalaya appears to have been 
suspended entirely during the Noric epoch, for the affinities between the two 
faunas are very remote. The Pmedomonitis ochotica fauna (? p. stihcircularis), 
widely distributed in northern Asia and along both coasts of the Pacific, reached 
neither India nor the region of the Alps.* 

Among the many Triassic exposures in Persia, one from the southern border 
of Kuhistan, belonging to the Upper Trias and probably to the Noric has yielded 
a small fauna which includes Pecten (Indopecten) clignetti Krumb. and a species of 
Heterastfidium the curious hydrozoon which is so abundant in the Kioto Limestone 
below the Karakoram Pass and in the Upper Trias of Timor.* A very similar but 
more meagre fauna of the same age has for a long time been known to occur in 
limestone approximating to the Kioto Limestone and exposed in the Elphihstone 
Inlet of the Oman peninsula of Arabia*; this fauna has lately been added to and 
summarised by Dr. G. M. Lees®, and includes: Myophoria omanica Dien.,atlied to 
M. chenopus Laube of the Alpine St. Cassian beds; Pecteti {Indopecten) clignetti 


1 0. Diener. Mem. XXXVI, 366 (1912). 

* Mem. XXXVI, 316 (1912). 

* J. A. Douglas. Q. J. 0. 8. LXXXV., 628 (1929). 

* W. T. Blanford. Rec, VI, 76 (1872); C. Diener. Ibid, XXXVI, 166 (1907). 
» Q.J.Q.S., LXXXIV. 634.638 (1928). 
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Eiumb., common in the East Indies; Lima subcamaunica Emmb., another East 
Indian form very close to L. camaunica of the Himalayan Noric ; and Lima (plagith 
stoma) subvaloniensis Erumb., yet another species found in the East Indian Archi¬ 
pelago. 

The above Persian fauna and the scanty assemblage from Oman have littl^ 
in common with either the Himalayan, Kashmir or European faunas but, curiously 
enough, show unmistakable indications of belonging to the same zoological pro¬ 
vince as the Noric faunas of the East Indian islands. There seems littk doubt,, 
therefore, that they bridge, in however an imperfect way-due perhaps to shallower 
conditions—the gap between the Triassic exposures of Asia Minor on the one side* 
and Baluchistan and Afghanistan on the other. A littoral facies of the Trias near 
the Dead Sea suggests a shore-line in the immediate vicinity, but whether this- 
belongs to the Carnic or to the Lower Trias is not certain.^ 

Marine Triassic deposits have not been observed along the east coast of 
Peninsular India, and there is, therefore, no positive evidence that what is now the* 
Bay of Bengal was a sea area and not part of the Gondwana continent during the 
Triassic period. The supposed Triassic deposits of the Arakan Yoma, including 
as they do coarse sandstones, grits and conglomerates of a coastal nature, 
would have justified the suggestion that the Gondwana shore-line lay along the 
Arakan Yoma region and that continuous land stretched thence across to what is 
now the Indian peninsula. As already stated, however, there are serious doubte 
as to the identification of these beds in the Yoma, and all that can be said is that 
the highly fossiliferous, pelagic facies of the Trias, so abundantly found further to 
the east in Yunnan and Indo-China, does not, at any rate, appear to be represented 
in the Yoma. Until the later mountain belt is more thoroughly surveyed, it is 
impossible to form an opinion as to whether the Bay of Bengal had or had not 
been formed by Triassic times. 

Marine Triassic deposits have failed to be observed in either the eastern or 
southern portions of the African continent, and the bathymetric configuration* 
of the western half of the Indian Ocean tempts one to assume that the Gondwana 
coast-line extended from Ceylon southwestwards through the Chagos group to tha 
Mascarenes and beyond in the general direction of Madagascar and the Cape. A 
rich cephalopod fauna of Lower Triassic age has, however, been found in the north 
of Madagascar, and we must deduce an indentation, either northwards from the 
Southern ocean, or southwards from the Tethys, as far as the northern point of 
Madagascar. A northward prolongation of the southern ocean would be the shorter 
of the two but for two reasons the alternative is the more probable. In the first 
place, we know that there was a southerly branch of the Tethys along what ie 
now the east coast of Africa in the following Jurassic period and there may have been 
a forerunner of this in early Triassic times. Secondly, the fauna is a particulary 
clear repetition of the Himalayan and Salt Bange faunas of the same age, and haa 
close affinities with that of Idaho. The following are provisional determina¬ 
tions of the interesting fauna in these beds which are superposed on the Permiant 
and crystallines*: 


1L. B. Cox. Ann. Mag. Nat. Sist., Ser. 10, X, 101 (1032). 

»M. Oollignon. 0. R. Acad. Sei. Paris, CXCVH, 993*004 (1033). 
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Cephalopoda— 

Orfhoeeraa aff. dubium t. Hau., 

WontiUuB kUalingeri Coll, 

OpMeeraa (Offronites) frequens Waag. (a Salt Bange form), 

VMnuites sp. (a rare genua typical of the Himalayan Lower Trias), 

FUmingitea app. (several species close to forms in the Ceratite beds of the Salt Bange or 
the Headenstroemia beds of the Himalaya, such as F. radialus, F. flemingianus, JT* 
eompressus, F. grieabaehi; also a Timor species, F. puleher), 

**Jt€ekoeeras** spp. (a few species, including {Proptyehitea) markkcmi which is so 
abundant in the Shalshal cliff of Painkhanda, Paeudoplanulatum, a Spiti form, and 
aff. UCeTiodiacoidea) fdkatum and (Proptychitea) khurenae, both found in the 

Salt Bange), 

**AapidUea** (including Kingitea, Koninckitea and Clypaocarcu) sp. {numtroua 
examples, including Koninckitea haydeni (v, Krafft), and T. (''Meekoceraa'^) enaanua 
(▼. Krafft), two Spiti species, and some new forms akin to other Himalayan species), 

Baadenatroemia mojaiaovicai Dien. (the only species; but very abundant—a Spiti species), 

^ Faaudoaagaceraa multilohaium Noetl. (the only species but numerous found in Spiti and 
the Salt Bange), 

Paranannitea sp. nov. (a genus found in Idaho and Albania), 

Proptyehitea aff. typicus ▼. Krafft (a Himalayan form ; some new species also), 

Jnnanitea sp. nov. 

The northern coast of Gondwanaland coincided approximately with the 
Himalayan belt and here again there is evidence of slow, gradual depression, 
accompanied by marine transgression in a southerly direction. The lower beds 
of the Kuling system are shallow-water coastal deposits, while the upper are 
diales with a brachiopod fauna; the calcareous element increases from below 
upward, and the succeeding Trias consists chiefly of limestone, most of it of 
a pelagic character, very little mixed with terrigenous sands and muds, and 
containing a deep-sea cephalopod fauna. What is now the frontier region of 
India and Tibet was, during the Permian and Triassic periods, a subsiding 
sea-bottom in front of a slowly receding shore. Slow subsidence was replaced 
by show upheaval in Lmssic times, but deposition, though perhaps interrupted 
from time to time, seems to have been unmarked by sudden changes from the 
latter part of the Palseozoic to well past the middle of the Mesozoic. 
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CHAPTER XXV. 

THE MARINE JURASSIC AND SOME EQUIVALENTS. 

Peninsala margin. Catch : Authorities; Exposure and stmoture; Thickness and relatiiMi- 
ship; Subdivision. The Lower Paohham; The Upper Paohham; The Chari series; The 
Qolden Oolite; Behmanni stage: Anoeps stage; Athleta stage; The Dhosa Oolite; l^Ircd 
series; Kantkot Sandstones; Jurun Beds; Lower Katrol stage; Middle Katrol s^e; 
Upper Katrol stage or Gajansar Beds; The Zamia Shales of Narha; Umia series. Kathiawar 
and Baroda. Rajputana : General succession ; Jaisalmer Limestone ; Badeaar Sandstonea; 
Parihar Sandstones. The Salt range. Trans-Indus continuation of the Salt Range. Bali- 
dristan : Position and distribution ; Subdivision and relationships; Lias ; ajocian and 
Bathonian ; Oallovian of Mazar Drik : Tithonian. The Sulaiman Range* Sonthem Waziristan. 
Tochi vaUej. Northern Kohat. Peshawar district. Bara valley. TIrah. Spiti, Garh. 
wal and Komaon. Kioto Limestone; Beds between the Kioto Limestone and »Spiti Shalesi 
including the Sulcaoutus Beds; Spiti Shales. Nepal. Exotic BIocks of Malla Johar. Tibet : 
Distribution and general character; Mount Everest region ; Tsang and^U ; Bgari Knorsum 
Central Tibet. Ka shmj r ; Punch Jurassics; Tagling Limestone;' Karakoram area; 
Kashmir district. Hazra. Attack. Chitral and the Pamirs : Chitral; Pamirs. Madhan 
Slates of the Simla area. The Tal series of Slrmur and Garhwal. The Napeng and tie 
Namyauformations of Burma: Age; TheNaprag rtage; Hsipaw» Northern Shan States: 
Introduction ; Lithological characters ; Distribution; Mode of aocumulation; Fauna ; North 
Hsenwi ; Upper Yangtze-kiang valley. Namyau series ; Hsipaw State : Belationships; 
Distribution ; Lithological character Ph 3 rsiography ; Thickness ; Fauna. Tee Lol-an scriea 
and Kalaw Red Beds of the Southern Shan States. The Red Beds of Southern Burma. Repre¬ 
sentatives of the Loi-an and Kalaw beds in Meiktila andjthe Northern Shan States. Age of the 
Red Beds of Southeastern Asia. Palwogeography. 

Peninsula Margin*—The Peninsular region is devoid of marine beds 
of Jurassic age except in two marginal tracts, osne situated southeast of the Indus 
delta where a large and important development of these rocks occurs in the **idand’* 
of Gutch (Eachh), the other in western Bajputana some 150 miles northwest of 
the Aravalli axis. 


CUTCH. 

Authorities. —Our information regarding the stratigraphy of the Ontoli 
Jurassic is derived from a memoir by Mr. A. B. Wynne^, supplemented by 
field notes made by Mr. J. H. Smith of Bhuj and Dr. Baj Nath. Tike 
indefatigable labours of Mr. Smith have resulted in an extensive addition to 
our collections of Gutch fossils. An exhaustive study of the cephalopoda collected 
by Mr. Smith and others, including a revision of Waagen’s monograph^ has been 
made by Dr. L. p. Spath, whose important paleontological memoir includes the 
consideration of some 6,600 specimens, made up of 114 genera and over 600 q^eciee 
and varieties*. 

Exposure and Structure. —The Jurassic area of Gutch, one of the 
Federated States of Weastern India, occupies a number of post-Tertiaiy ^^islandu’* 
now connected by alluvial flats and lying in the salt, marshy '^Bann of Catoh*% 
which is a former sea basin now in process of being filled up by silt. The rooka 

^Mem. IX, Art. 1, (1872b 

•Pal. Ind., New Ser. IX» Mem. 2(1927-8, 1933). 

(1126) 


Manual of the Geology of India and Burma, 3rd Edition. 



JURASSIC fauna ( a ) 

2. Reineekeia cf. reissi Stein. 2. Euaspidoceras waageni Spath. 3. A. (Perisphinctes) pottingeri Sow. 
4. Astarte major Sow. 5. PKoladomya angulata Sow. 6, Aucella leguminosa Stol. 7. Trigonia stneei 
Sow. 8, Pholadomya granosa Sow. 


G. S. I., Calcutta. 


Manual of the Geology of India and Burma, 3rd Edition. 



JURASSIC FAUNA ( B ). 


2. IndocephaUtes ehrysoolithicus (Waag). 2, Torquatispkinctes torquatus fSow). 3. Suhkossmatia opis (Sow). 
4. ParacenoGttM c€. i&HmagunenM.fWaag). 5. Belemnopsis grantana (d’Orb). 6. Pqltoceras kachhense Spath. 


G. S. L, Calcutta. 
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of Catcli» none of them older than Juraseio^ crop out in three anticlinal hill ranges 
and an isolated mass to the east of less simple structure and known as Wagur 
(Wagad). The northernmost range, nearly 100 miles long and composed chiefly of 
Lower Jurassic sediments, is broken up into four ‘‘islands” which, from west 
to east, are Pachham (Patcham; Putchum), Khadir (Elharir, E^urreer, Karrir 
or Kurreer), Bela and Chorar. The median range, which is by far the most 
important and occupies the northern margin of the main island of Cutch proper, 
forms a gentle arc, extending from the town of Lakhapat (Lukput) southeastwards 
and eastwards for 120 miles. The eastern end of this range is separated by a 
plain from another ancient island lying to the northeast, which is nearly 50 miles 
from west to east and 25 miles across, and forms the district of Wagur or Eastern 
Gutoh. The strike of the Wagur rocks is continuous neither with that of the 
northern nor with that of the median range, but is intermediate between the two; 
according to Wynne s suggestion the continuation of the Wagur rocks is concealed 
beneath the silts of the Bann. The most southerly of the ranges centres in the 
Charwar and Katrol hills, south of Bhuj, the capital of Cutch, and extends for 
about 40 miles roughly parallel to the central portion of the median range. The 
median and southern ranges of the main ‘island” form one continuous outcrop 
of Jurassic and younger rocks, some 40 miles across its maximum width. The 
three anticlinal ranges mentioned above are broken up by transverse undulations 
into a number of domes, the erosion of which has exposed successive beds in a 
concentric series of small scarps which, as Dr. Spath remarks, would seem to 
afford an ideal opportunity to the fossil collector. Between the median anticline 
and that of the EatrohCharwar range, signs of flat dome structures are not 
wanting as, for instance, that observable near Chhota Budra Mata. The syncline 
between the northern and median anticlines lies buried for the most part beneath 
the silts of the Bann. The northern limbs of all the folds are considerably 
steeper than the southern, and contortion is occasionally seen. Along the 
nortJiern base of the Katrol-Charwar range Wynne locates a fault of considerable 
magnitude but his estimated throw of 2,000 or 3,000 feet may be too high. A few 
islands smaller than those already mentioned also occur, but none of them is of 
sufficient size to be worthy of notice. 

Thickness and Relationships.—The total thickness of the Mesozoic 
rocks of Cutch has been estimated by Wynne to be 6,300 feet of which 3,000 feet, 
or very nearly half, belong to the uppermost of the four groups into which Stoliezka 
divided the succession. It must be remembered, however, that the base, though 
inferred to rest upon the metamorphic rocks of which a portion crops out in the 
vicinity at Nagar Parkar on the north side of the Bann is not exposed in Cutch, 
and also that the beds had suffered denudation before they were covered by the 
Deccan Traps. In the island of Bela and elsewhere some of the lower beds contain 
a few rolled pebbles of metamorphic rocks, but in scanty numbers only. In 
general the higher Jurassic beds disappear to the south beneath the Deccan 
Traps, but marine Tertiary beds (Nummulitic), in many parts of the country 
overlap the traps and rest upon the older rocks, both traps and nummulitic beds 
being quite unconformable to the Jurassic subdivisions. In one spot some lime¬ 
stones containing Cretaceous cephalopods are found resting upon the Jurassic 
beds. 

SubdiYisdon. —Excluding the Cretaceous beds at Ukra, just mentioned 
the Mesozoic beds of Cutch have been subdivided into the following four groups. 

4U 
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the three lower are largely argillaceous and entirely marine, while the uppermost 
which is composed of coarser deposits, includes a iredi-water plant-bearing stag# 
intercalated between beds with marine fossils: 


Ukra Beds. 


Vmia series 


Synoposis of the Cutoh Mesozoic 
Suooession. 


"Sandstones and shales with plant' 
remains and a few marine fossils. 
Unfossiliferous shales. 

Tri^onia sandstones. 

Oolitio sandstones, shales and con¬ 
glomerates, with marine fossils. 


No. of 
species 
and varie¬ 
ties of 
cephalo¬ 
poda. 


Aptian. 

7 Purbeokian to 
Neooomian. 


Katrol series 


{ 


6. Katrol sandstone (unfossili- 
ferous). Gudjinsir bed (marine 
fossils), Zamia shales. 


Chari series 


4. Brown and red ironstones 
3. Basal Ammonite bod 
2. Jurun Belemnite marls . 
1. Kantkot Sandstone 

r Upper 

Lower 


5. Bhosa Oolite 


171 


22 1 Portlandian. 


•8 7 Upper 1 

C7 Middle ^Kimmerid- 

10 7 Lower J gian. 

03*1 Argovian. 


4. Athleta stage 


fUpper 
^ Lower 


fUpper 

3. Anceps stage . •{ 

^Lower 

2. Bohmanni stage . 



1. Golden Oolite 


Paohhim series 


fUpper Mao- 
I rooe^alns 
beds. Middle 
I Maorocepha- 
^lus beds. 


stage, or Lower Maoroce- 

be&. 

stage . . • • 


03 

61 

48* 

47j| 

20 

11 


Callovian. 


Bathonian. 


The Lower Pachham.— -The lowest beds of the Fachham series, so named 
after the island in the Bann, are exposed along the northern scarp of what 
we have alluded to as the northern range, the rocks dipping south at a low angle. 
The crest of the hills and the surface of their southern slopes are formed of a 
thick, masuve bed of yellowish sandstone and limestone often crowded with 
specimens of Corbula lyrata Sow. and Trigonia pullua Sow.,^ Aatafte^ 
CucuUaea and other fossils also occur and belemnite doubtfully assigned to 
Megateuihia may have come from this horizon. Below the massive b^ come 

^ The speeifio detenainatioD of the lemeUibxanohe never eeems to have reached jnere 
hap the provisional stage. The 2nd. Bdition of this Manual mentions CorbiUa peeUnaia, 
AdatU tonvprwa^ Cuamaea virgata and Trigonia of. interJaeifigata as being *‘in all probability 
eonectlTdetermined”, but oon&mation is desirable, for instance, Br. F. L. Kitohin., 

Ind., Ser. IX. Vol. HI, Pt. 11, No. 1, p. 0.) 
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sliBles and sandstones, all more or less calcareous, containing £ma, OerviUia 
a Rhynchonetla^, a small Exogyra^ etc. The lowest bed seen in Pachham island 
is a calcareous sandstone abounding in the small Exogyra. The Lower Pachhaai 
beds are again seen in the small islet of Koari Bet northwest of Pachham, and on 
the northern flank of the hill range in Khadir, Bela and Chorar, the crest of the 
range in all cases consisting of the yellow calcareous rock. The thickness of this 
part of the series is at least 500 feet. 

The Upper Pachham. —The upper division of the Pachhams comprises 
light grey or yellowish limestones and marls and at the top, very compact, white 
limestones with shale intercalations. Besides forming the range of hills in the 
islands of the Rann, it is exposed at four places along the northern edge of the 
main province of Cuteh, viz. at Jarra, Kira hill near Chari, Jura hill and Halaman 
hill near Lodai. In all these places it forms crestal inliers of anticlinal domes 
surrounded on all sides by younger beds. The white limestones are best exposed 
at Jarra, some 50 miles northwest of Bhuj, where they are overlain by the Chari 
series. 

The lower part of the Upper Pachham division is especially rich in corals 
some 66 species and varieties, most of them from a locality northwest of Jumara, 
having been determined by Professor J. W. Gregory* ; among them are four Swiss 
forms (marked in the list) and one Wiirtemburg species (marked “W’’), 
the remaining 61 forms being new species and varieties at the time of their 
determination: 


Name. 


Actinozoa— 


Horizon of representative 
European coral. 


Lophosmilia tenuicaulata Greg., . 

„ magnocaulata Greg., 





Cenomanian. 

»» 

Goelosmiliaindica Greg., . 





Senonian. 

Ooniocora turhinaia Greg., . 





Corallian. 

Siylosmilia trapeziformis Greg., . 





Portlandian. 

Stylina kachensis Greg., 





Bathonian-Callovian. 

Astrocoenda bemenisis Koby., 





Corallian-Portlandian. 

Stephancoenia magna Greg., 





■f 

Tavia haryphyllioides Greg., 





Kimmeridgian. 

W. Placosmilia sesailis Mil., 

„ kachenais Grog., 

„ acalprijormis Greg., . 

„ caeliformis Greg., 





Kimmcridgian. 

Portlandian. 

»» 

Corallian. 

Troehoamiliaindica Greg., 





t9 

Montilivaltia paleta Greg., 

„ comutiformis Greg., 

„ typica Greg., 

„ craaaa Greg.,. 

„ apiaairadiata Greg., 

„ obliquata Greg., 

„ coraata Greg., 





Bathonian. 

*> 

Bajooian. 

Bathonian. 

Corallian. 

*» 


^Perhaps identical with B. concinna, var. kutchensU Kitchin, which ia found in tbs 
upper Pachham beds. 

•Pal. Ind.. Ser. IX, Vol. II, Pt. 2 (1900). 
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Name* 


Attiaoaoa—-eon^« 


Horizon of represenMiife 
European eorai. 


MoeUUvaliia dliptica Greg., 

• • 

• • 


CoraUian-Kimmeridgiaii. 

^ vaeiformie Greg., 

• • 

* 


Kimmeridgian. 

„ fruatriformie Greg., , 

, , 



ff 

„ kachenaie Greg.. 




Bajocian. 

Greg.,. 

• 



Bathonian. 

GompUxaetraea hachtneie Greg., 

. • 



Ba ocian-Bathonian, 

S. Isaeiraea proinqua Th. ft Et., 




Corallian. 

„ „ var. kachenaie Greg., 

„ hemiaphaerica Greg., 



ft 

ft 

„ exaerta Greg., 




Kimmeridgian. 

„ parva Greg., 




Bathonian. 

Thamnaatraea eraieriformia Greg., . 




ft 

&• M mayeriKohy,, 




Corallian. 

„ „ var. indica Greg., 

S, „ valfinenaia Koby., . 




»» 

Kimmeridgian. 

Dimorphaatraea aigillum Greg., 




Ncocomian. 

Cenkraairaea kohyi Greg., 




Bathonian. 

SHkaafraea atructa Greg., 




Corallian. 

„ paeninaula Greg., 




ft 

Laiomanandra humilia Greg., 




ft 

Arehaeoatria thamnaatraeoidea Greg., 




? Neocomian. 

Comoaeria jumarmae Ovcg,^ . 




Callovian. 

„ var. radiaia Greg., 

„ „ var. irregularis Greg., . 



99 



99 

„ dtaconhnua Greg., 




Kimmeridgian. 

„ plana Greg., 

„ microphyllioidea Greg., 




Bathonian. 

• • 



Callovian. 

FraUthmoa oldhami Greg., 

• • 



Neocomian. 

„ duneani Greg., . 

• • 



ft 

Mettihmoa hlanfordi Greg., . 

• • 



Corallian. 

„ grieabachi Greg., . 




ft 

Frechia eornutiformia Greg., . 

• • 



Neocomian. 

SemaUthmos ainuoaa Greg., . 

• • 

• 


ft 

Kobya crusaolaniellosa Grog., 


• 


Bajocian. 

„ cancellata Grog., . 


• 



„ hnticulata Greg., 




Callovian. 

Andbacia acaulia Greg., 




Bathonian. 

„ fungiformia Greg., 




ft 

Qendbacia kachenaie Greg., . 




ft 

Trocharaea patelliformia Greg., 




Kimmeridgian. 

Trochoplegma tenuilamdloaa Greg., 




Corallian. 

Mieroaolena aubiurbinaia Greg., 




Bathonian. 

„ variolata Greg., . 




ft 

Trieyehaeria triangularis Grog., 




Kimmeridgian. 

„ patdliformia Greg., 




ft 

Dimorpharaea ateUana Greg., 




Neocomian. 

„ diatineta Greg., . 




Kimmeridgian. 

„ eontinua Greg., . 

• • 



ft 

„ orbica Greg., 




?Bathonian. 

Thamnoraea amorpha Greg., 

■ • • 

• 

. 

fKimmeridgian-Neecomiaii. 

„ tuberoaa Greg., 

• • • 

. 

. 

Triaa. 
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The horizon indicated, though not very definite, is Upper Bathonian 
♦rOallovian.^ 

The most striking features of the Jumara coral bank are the preyalence 
of small patelliform corals and of rounded nodular coralla in the massive 
forms, and a marked absence of arborescent growths so common in the 
Buropean Jurassic species. Among the European Bathonian and Gallovian 
faunas the Cutch corals most closely resemble those of the Crimea and Galicca. 
Of the brachiopods determined by Dr. Kitchin, the genera, Kutchithyris^ FlaheUo- 
thyru, Cryptorhynchia and KutchirhyncMa occur at various horizons in the Batho 
mian of Europe; the Pachham species are: 

Bfadiiopoda— 

jPimrofufo {Kutchiihyria) acuHplicata (Kitch.), 

„ propingua Kitch., 

„ katametopa Kitch., 

„ jumarensia Kitch., 

„ planiconveoia Kitch., 

jnabd^thyria dichotoma Kitch., 

MkyneihoneUa pseudo-inconatans Kitch. (cf. R. (Burmirhynchia) injusia Buckm. fron the 
Namyaus of Burma), 

•• (Kutchirhynchia) kutchensis (Kitch.), 

M (Cryptorhynchia) piileherrimn Kitch. (cf. C. avonenisU Buckm. of Kngland), 

„ rugosa Kitch. (cf. C. bradfordansis Murch. and C. vaughan 

Marsh, from Kngland). 

Tout species of Trigonia from the same beds, T. tumida, T. prora, T. his- 
pida and T, jiimarensis, have been identified, all new at the time of their deter¬ 
mination. In addition to these the following lamellibranchs from various hori¬ 
zons in the Pachham series have been recognised by Dr. L. B. Cox-; the exami¬ 
nation of the Jurassic lamellibranchs of Cutch has not yet been completed : 
LMndlibranchiataw-. 

Poioeoneik) hel/mnais Oox (from the **Corbvld'^ beds), 

JBaiieveUia toalto%i Lycott (from the *%'orbula'^ beds ; a Kuropean form), 

Msognomon {Mytilopema) patchamenais Cox (from the Corhula'* beds), 

Modiola patchamtnaU Oox. 

„ imbrimta (Sow. (from the '^CorbuW' beds and other horizons; found also 
in Kuro|io and British Somaliland), 
ih'mfwnuUodon andhauenau Cox (from the Pachham dolomite), 

Mdhinotia echinata Smith ^rom the Pachham dolomite ; found also in Europe, Tan< 
ganyika md New Zealand), 

In the Pachham series two zones of cephalopoda are recorded, the lower with 
gome badly picscrred macrocephalitids, Sivajiceras congener (Waagen), and Epinor- 
phooeras ie^nm (Waagen), and the upper, occurring in the white limestones and 
intervening shalesand containing: 

CnnsAiiOPODA— 

Nautibidoa— 

Piracenoeerea jumarenae (Waag.), 

' „ caUovienae (0pp.) (M). 

Oppelipo— 

Omelia ap. {cupidoidea group), 

Pd^oecotraustes {Oecotrwistes ?) sp. 
llaoroch>halitidae.— 

Mirocaphalitea triangularia Spath., 

„ madagaacarienae Lem (B.M.)., 

, „ {Kamptokephaliiea) dimerua Waag. (doubtful). 

W, Gregory. Pd,Ind„ScT. IX,Vol.II, Pt. 2, 4(1900). 

*FdL Ind., Sep. IX, Vol. 11, Pt. 3 (1940). 
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Ceplialopod»—omfti. 

Phyllooeratidae— 

Ptyehopylloceras vicarium (Waag.) (M), 

Pkylioeeraa aff. haktegi Loczy (aff. £.) H« Found in Madagaiaar. 

Perienhinotidae— B. „ Baluobiatan. 

Sivajieeras aff. congener (Waag.) 

Proctritea hans (Waag.) E. ,, ,, Alpine mediterra¬ 

nean area. 

In these uppermost white limestones the dominant forms are very large Afocfo- 
cephalitea, often with the body chamber complete. The Macrocephalitidae play an 
important role in the Upper Pachham beds, as we shall see they also do in the 
Lower Chari. Waagen’s original opinion that the Pachham series corresponds 
to the European Bathonian has been very generally accepted by later observers. 

The Chari Series.—The next series in ascending order derives its name 
from the village of Chari, a famous fossil locality situated close to the borders of 
the Rann, about 32 miles northwest of Bhuj; cephalopods especially are abundant 
and large numbers are found in the calcareous sandstones exposed around Kira 
hill. This series, although exposed in several places, nowhere occupies a large 
area. It is composed of four subdivisions, each marked by its mineral characters 
and its fossils. As a whole the group is much more shaly than any of the others, 
but hard bands of limestone or calcareous sandstone are included and form ridges 
which are usually distinguished by characteristic ammonites. 

The Chari beds rest upon the Pachhams in the southern parts of Pachham and 
Khadir and in two small islands southeast of Khadir; in one of the latter they 
form part of a dome. In these outcrops the subdivisions are less irell marked 
than to the southward, and the two characteristic Terebratulae, T. sf!. UpHcata 
(Sow.) and T. (Lophrothyris) euryptycha Kitch^, have not been noticed. None 
of the Chari beds is observable in Bela or Chorar, but a smaV exposure exists 
in the extreme north of Wagur. In the mainland of Cutch the (]&ari series occupies 
two rows of inliers. One of these rows coincides with the median anticlinal range 
along which outcrops are scattered at intervals. The other row occurs in the 
Charwar range, south of Bhuj, where the Chari beds are brought up at intervals 
along the southern side of the great fault; here they are greatly disturbed and 
out up by cross faults, but the different bands can be easily recognised, the Phosa 
oolite with Terebratula (Lophrothyris) euryptycha Kitch. the white PeUoceras 
{**AtUeia”) beds, and the band with the so-called Terebratula aff. bipliocaa^ being 
always conspicuous. The fossils of the Chari group include eight echinoids, of 
which two are European forms, viz, Holedypus sarthaxxmis Coti. and GoUyrites dor¬ 
salis Ag. & Des., and a third is closely allied to GoUyrites bicoriata (Leske), a form 
found in Europe, Algeria and elsewhere. The others have beennamed by Gregory, 
Bhabdoddaris sp., Pseudoddaris unigranulatus (possibly from the Upper Paclto 
ham and not the Chari), Pseudodiadema kachensis, Somechinys sa. and Pygorhyt^ 
tumulus. One of the eight corals is a variety (iridica) of the European Astroeoenia 
iernensis Eoby, another is a variety (kaqhensis) of the Euibpean Thamnastfoem 
vdfinensis Eoby, while the rest are new species: Amphiastr^ piriformis Qieg,, 
MotUivaUia chariensis Greg., Isastrocoenia kachensis Greg, ^aorizon doubtful), and 
the throe Pachham species Comos^ies irregularis Greg., Xobya crassolameUosa 
Grog., andi[. canoellata Grog.* Of the brachiopodas, mus& of them belonging to 


sFormerly thought to be a variety of T, seila 
spol. ind., Ser. IX, Vol. II, Pt. 2, pp. 31-33 (1900). 
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the two genera, Terebratula and RhynchoneUa, two come from unknown horizons, 
jR. recticardinalis Eitch, and an indeterminable species comparable thereto. The 
Golden Oolite has yielded: 

Braohiopoda— 

Ter^eUvla aurata Kitch. (showiag rescmblancei» to certain Inferior Oolite forma, and to 
T. fieiacheri from the Dogger), 

„ Xongiplicata 0pp. (a European form). 

,, breviplicata Kitch., 

Rkynchonella {Kutchirhynchia) kuichensia (Kitch), 

,, {Kallirhynchia) indica d’Orb. (horizon doubtful; cf. K. anglica Buckm. and 
K, conatricta Buckm. from the Namyaus of Burma). 


From higher horizons come : 

Tarebratula breviplieaia Kitch. (from bedb overlying the Golden Oolite), 

M {Lophroihyria) curyptycha Kitch. (ranging from just above the Maorocephalus 
Beds to the top of the Chari group ; cf. A. (L.) ttheridgei from England), 

„ hypaogonia Kitch., below the .^ceps zone), 

„ kmgicarincUa Kitch. (just above beds with T. hypaogonia), 

^ dhoaaenaia Kitch. (beneath the Anceps zone), 

,, ingluvioaa Kitch. (Dhosa Oolite), 

„ pyroidea Kitch. (Dhosa Oolite), 

„ jooramais Kitch. (Dhosa Oolite), 

Vietyoihyris compreasa Kitch (exact horizon, unknown), 

ZeiUeria roateUala Kitch. (uncommon ; Dhosa Oolite), 

TerabraiuHna infioAa Kitch. (exact horizon unknown), 

ShynchoneUa nohilia Sow. (about the middle of the series and perhaps higher; cf. 
R. decorata ScUloth. (from Europe) 

„ mtcrwhyncha Sow. (exact horizon unknown), 

,, brevicoatata Kitch. (from beds containing R. microrhyncha & R. ihobilia), 

„ (KaUirhynchia) fornix Kitch., (Dhosa Oolite and below; of. R. coac/naa), 

„ (? KaUirhynchia) aubplicatella Kitch. (either Dhosa Oolite or just below), 

„ {KaUirhynchia) veraabilia Kitch. (below Dhosa Oolite and perhaps from that 

zone also; cf. K. craaaicoata Buckm. and K. yaxleyenaia, 

,, {Sphenorhy7icfua)asymmctrica'Kitch. (exacthorizon unknown; Rhactorphyn- 

dta argillacm Buckm., 

,, paaciplicata Kitch. (exact horizon unknown), 

,, major Sow. (horizon doubtful). 

None of these species is described as identical with any known form. 
The species of Trigonia listed below are described as all new^: 

Iiamellibranchiata— 

TrigoTiia tumida Kitch., Trigonia dhoaaarma Kitch., 


eharienaia Kitch., 
propinqaa Kitch., 
brevicoatata Kitch., 
diatii%cta Kitch., 
acuta Kitch., 


nitida Kitch., 
kutchenaia Kitch., 
exortiva Kitch., 
gracilia Elitch. 


In addition, the following lameUibranchs from the Lower Chari Mttcrocephalus 
beds have been determined by Dr. L. R. Cox*: 

Nucula (Palaeonucvda) euneiformis Sow., 

„ „ kaoraenais Cox. (Sowerby’s N, tenuiatriata), 

,, „ blanfordi Cox., 

,, „ atoliezkai Cox., 

NuevUrma wynnei L. B. Cox (probably indentioal with Douville’s Nucula tenuiatriata Sow. 
from Sinai), 

„ hldkei Cox., 

Nucula {Dacryoma) locryma (Sow.) (form found in the Great Oolite of England), 
•QtammeUodon {Inaogrammatodon) viryaiua (Sow). 


1F.L. Kitchin. Pol. Ind., Ser. IX, Vol. HI. Pt. H, pp. 120 (1903). 
»Pttl. Ind., Ser. IX, Vol. HI, Pt. HJ, 1940. 
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Modiokt imbricata Sow., 

„ glendayi (Weir) (British Somaliland form), 

„ of. bipartita Sow. (European form), 

„ {Inopema) plicata Sow. (found also in Europe, Bast Africa, Kashmir, PenUt 
and Bahrein Island), 

lAihophaga sp., 

BraehydaiUea {ArcomytUus) laitmairenais (do Loriol) (found also in Europe and British So* 
maliland), 

Eehinotis eehinaUt (Smith), 

Posidonamya omdti Quen. (found also in Europe and the Dutch East Indies), 

Bdkevdlia waltoni (Lycett), 

laognomon {Mytilopema) patchamenais Cox, 

EUgmua rollandi Douv. (Europe, Somaliland, Southern Arabia and Madagascar). 

The large number of cephalopods have been arranged into several zones 
described below. Belemnites are common, especially in the Dhosa Oolite, nearly 
all of them belonging to the deeply grooved Belemnopsis. Dr. Spath notes that in 
the upper two stages of the Chari, as well as in the Kantkot Sandstone which 
follows them, the Mayaitidae play as important a role as do the Quenstedtoceratea 
and Cardiocerates of more northern latitudes. In the Chari and throughout 
the rest of the Cutch Jurassic succession the genus Phylloceras is not so dominant 
as it is in the Mediterranean area ; the Oppelidae on the other hand are abundant. 
From the Chari group has been collected a single amphicoelous vertebra which 
may be crocodilian. Above the Pachham coral bank Dr. Spath distinguishea 
three sub-stages characterised by Macrocephalus, Of these the Lower Macroce- 
phalus beds have always been grouped with the Pachhams and spoken of as the 
Pachham limestone or white limestone ; it has already been described. 

The Golden Oolite.—The Middle and Upper Macrocephalus beds constitute 
the lowest of the five stages of the Chari series, the Golden Oolite. Thie 
consists of shales, usually of a grey colour, with occasional bands of **goldem 
oolite.”, and sometimes nodular shaly limestone. The golden oolite, like that 
found at about the same horizon in the Jurassic of Europe, is very characteristic 
and easily recognised. It is a rather coarse-grained limestone, composed of 
calcareous grains coated with a very thin ferruginous layer and surrounded by 
a matrix of carbonate of lime. In places, as at Chari itself, the (xolden Oolite 
is thick and conspicuous, but is locally distributed and often wanting. 

At Jumara the lowest of the Chari stages has a facies quite different from that 
of the Golden Oolite and consists of shales with red ironstone bands and nodules, 
the Middle MacrocephaluB beds, and of overlying limestones known as the Upper 
Macrocephalus beds. These have been grouped into five zones according to their 
typical ammonites: 

Typical ammonites. 

Upper Macrocephalus beds (e) Dolikephalitea avbcompressua (Waag.), MacroeephaiUe 

charknaia spp. Kamptokephalitea magnumbilkatua (Waag.). 
"(d) Dolikephalitea aubcompreaaua (Waag.), Nothocephalitea aemk 
laevk (Waag.), Kamptokephalitea off. magnuanbilieatua 
(Waag.). 

(e) Macrocephalitea charienak (Waag.), Kamptokephalitea 
merua (Waag.), Indoaphinetea spp. 

Middle Maoroc^halus beds{ 

(6) Macrocephalitea eharienaia (Waag.), Aleidia spp., Paroeeo- 
trauatea sp., Parapaioceraa sp. 

(a) Maerocej^itea eharienaia (Waag.), KampkkephcAitea 
dimertM (Waag.), Pleuroeephalitea habyenaia ^tk,. Inda* 

. ewohaUtea spp. 
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Most of the Middle Macrocephalus types, zones (a) to are similar to those 
occurring in the English Cornbrash, though none of the species is common to both. 
They include: 

Cbfualofoda— 

JSelemnoidea— 

Bikmnapsia auhhaatata (Ziet.) Waag. 

Nautiloidea— 

Procymaioceras ? ininmeacem (Waag.) (B), 

Po/racenoceraa cf. callovienae (0pp.). 

Phyllooeratidae— 

GdUiphyloceraa aff. demidoffi (Bouas.). 

Oppelidae— 

Alcidia sp., 

Ueeticoceraa turgidutn Loozy (cf. E.*). 

Macraeephalitidae— 

MmcrocephalUea formosus (Sow.) (B.M.)» 

„ chariensis (Waag.) (K.M.) ; aad a rarioty, S^.minuda Spath, 

Indoaephcdttea tranaitoriua Spath« 

„ diadematua (Waag.). 

„ kheraenaia 8path (M), 

„ indicua Spath. 

„ chryaoolithicua (W’aag.) (aff. M.), 

„ aphaeroidalia Spath, 

„ gibhomm Spath (aff. B.), 

Pleurocephalitps Jmhyemia Spatli (M. group B.), 

„ eypihantinua (8ow.) (M., equivalent of P. haaairai and Kamptokephalitea 

miaorabanaia)^ 

Xmmptokephalites dimerua (Waag.) (aff. M.). 

f, lamdloaua (Sow.) (JVC. variety, aublrapezinua), 

„ var. aureus vSpath, 

Khaaraiceraa coamopolita (Par. & Bon.). 

Beineokeiinao— 

Parapat^iceraa cf. callovipnae -(Morr.) (cf. E.). 

Perisphinctidae— 

Chqfatia afi.furcula (Noum). (aff. E.), 

„ aff. recMperoi (Gcinrn.) (.species K. and N[.; aff. B.) (aff. E.). 

JB, found in Baluchistan. K. found in Kenya. E, found in the Alps A the Mediterra¬ 
nean area. 

M, „ „ Madagascar. E,’ „ „ Middle & Western Europe. 

Inspite of the persistence of Macrocej)halites and KcuvptoJcephalites, zone (e) 
is typically Lower Callovian in its affinities; its index fossil might well be Afocrocc- 
^halites shmiemis (Waag.). The increase in the number of oppelids and peris- 
phinctids is as striking as the decrease of macrocephalitids. This fauna consists 
of: 

Cephalopoda— 

Belemnoidea— 

Bdemnopaia of. grantiana (d’Orb.) ? 

„ aubhaatala (Ziet.), 

Hibolitea jumarenaia (Waag.). 

Kantiloidea— 

Pttntcenoceraa cf. callovienae (0pp.). 

Phyllooeratidae— 

OMphyUoceraa aff. demidoffi (Rouss.). 
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Lytoceratidftfr-- 

Thysandytocerae addoidea (Kud.). 


Om>elidae— 

Paroecotraustes aff. aerrigerus (Waag.) (aff. E.*)> 

M aff. „ var. deruecostata Lias. (aff. E.*}. 

„ cf. auh/uscus (Waag.) (of. E.*), 

Alcidia dtd)ia Spath (M. equivalent to A. auhcoaUUa), 

»» aff. cbadeta (Boll.) (Species M. aff. E *), 

„ infiaJla Spath., 

„ mimetica Spath., 

„ nurrhaSnsia (Waag.), 

ChanaMa fornix (Sow.) (Genus M.), 

Heeticoeeraa gigantaum Spath, 

„ aff. turgidum Loczy (cf. E.*), 

Kheraitea amithi path., 

„ ignobilia (Sow.). 

Macrocephalitidae— 

Macrocephalitea fortnoaua (Sow.) (B.M.), 

„ charienaia (Waag.) (K.M.), 

„ „ , var. aetninuda Spath., 

Kamptokephalitea fnagnumbilicua (Waag.) (aff. K.), 

„ lamdloaua (Sow.), 

Dolikephalitea auhcompreaaya (Waag.). 

Eucyclocoratidae— 

Noihocephalitea aemilaevia (Waag.) (aff. K.), 

„ aaaphua Spath. 


Perisphinctidae— 

Indoaphinctea errana Spath. (aff. B.), 

„ peregrinua Spath., 

„ naiwaria Sjiath., 

„ patina (Neum.) (M.E.), 

„ patiniformia Spath (M), 

„ urbanua Spath (M.), 

„ aff. abichi (Neum. & Uhl.) (aff. E.), 

„ ruaticua Spath, 

Chojfatia perdagata (Waag.), 

„ aakuntala Spath., 

„ madani Spath., 

„ aff./ufcula (Neum.), 

„ aff. ybbaenaia (Ytiss.) (aff. E.), 

„ aff. recuperoi (Gemm.) (species K. A M.; aff. B> A £.), 
„ baluckiatanenaia (Noetl.), 


Cutehiaphinctea altiplicatua (Waag.) (Genus found in Boumania). 

B,found in Baluchistan. 

11, „ „ Madagascar. 

K, „ „ Kenya Colony. 

E, „ „ Alps A Mediterranean area. 

E, „ ,9 Middle A Western Europe. 

Rehnumni Stage.—^Between the Upper Macrocephalus limestones and the 
Anceps beds there occurs in the Jumara area a yellow limestone stage, the 
Behmanni beds, in which the following two zones of ammonites have been identi¬ 
fied : 

i 

(i) Reinecheia tyramiformis Spath, Sivcyiceras Ueidof Spath, iiooydooera$ 

tingulare Spath. 

(ii) Beineeheia rehmanni (Oppel), KdJaicaysites greppini{(ypft)\),8ivajieerai 

cf. (Sow.) Idiocyeloceras tingware Spath. 
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These zones are also assigned to the Lower Callovian. The Behmanni fauna 
from these two zones consists of: 


CSPHALOPODA— 

Belemnoidea— 

BdemnopaiB calUmenMs (0pp.) (P.E.*). 

Nautiloidea— 

ParacenocerfiB kvvmgunenst (WMg.) (M), 

„ calUmenae (0pp.) (M. of. E.'). > 

Phyllooeratidae— 

Calliphytlocerda aff. dispuiabile (Zitt.) (Species M. a(f. E.), 

„ aff. demidoM (Rouss.), 

„ lodaense (Waag.), 

Holcophylloceraa mediterraneum (Neum.) (M.E.)» 

„ meaalcum (Dietr.) (=aff. polyolcum (Benecke)). 

Lytoeeratidae— 

Thysandlytoceras adeloides (Kud.) (K.E.). 

Oppelidae— 

Beciieoceratoidea suborientaiis Spath. (BC.), 

Kheraitea craaaefaleatua (Waag.), 

Luntiloceraa orientale (d*Orb.). 

Maerocephalitidae— 

Jdacrocephalitea of. charimaia ? (Waag.) (K.M.), 

Dolikephalitea atibeontpreaaua (Waag.), 

Kamptokephalitea magnunbilicua (Waag.). 

Eucyoloceratidae— 

Eueycloceraa eucydum (Waag.), 

„ pilyrimi Spath, 

Sdhkoaamatia opia (Sow.), 

„ obacura Spath. 

„ coggin-browni Spath, 

„ ramoaa Spath, 

Idioeydoceraa periaphinctoidea Spath, 

„ aingulare Spath , 

Notocephalitea aemilaevia (Waag.). 

Reineckeidae— 

Beinaekeiaiyranniformia Spath, R. aubsteinmnnni (locality doubtfal), (E’)» 
„ aff. rekmanni (0pp.) (aff, E.’), H 

„ Undoaabauda (Par. & Bon.), 

Kdlc^yaitea greppini (0pp.) oxyptychua (Neum.) (P). 


Perisphinctidae—- 

Sivajiceraa paramorphum (Waag.), 

„ kleidoa Spath, 

„ auream Spath, 

„ robuatum Spath, 

„ aff.(Sow,), 

Hvhertoceraa arckoata (Waag.) (M.), 

Indoaphinetea ealvua (Sow.), 

„ indieua (Siam.), 

„ trrana Spath (aff. B.), 

„ peregrinua Spath, 

Choffatia leptonoia Swth, 

„ pardagaia (Waag.), 

„ bdlinenaia (Neum.) (B.P.E.), 

„ lateralia (Waag.), 

„ hdluehiatanenaia (Noetl.) (B), 

„ iranaitoria Spath, 

„ mediocria Spath, 

„ aff. recuperoi (Oemm.) (Species K. and M.; aff. B. and (E),. 
„ aoaakaenaia S^th, 

„ gattaehai (Steinm.), 
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KifMinkma angygaaUr (Waag.) (Genus in Tanganyika). 

B, found in Baluchistan. K, found in Kenya. 

If, ,, „ Madagascar. B. „ „ AlpM & Mediteranean area. 

P. „ „ Persia. £, „ », Middle & Western Europe. 

In addition to the cephalopoda there are various echinoderms and brachiopods 
and a fine series of mollusca which have not yet been described; amongst them Dr. 
Spath notes Astarte pisiformis Sow., Nucula spp., Lima (RadvHa) cardii- 
Jormis Morr. k Lyc. and other species, Ostraea, Arclostraea^ HinniteSy RhynchmeUa, 
Terehratulay Procerithiuniy etc. The “Rehmanni” stage is probably present 
at Ehera, Walakhavas and Ler Hamundra also. 

‘•Anceps^* Stage.—The next higher stage,—in many places, apparently 
immediately succeeding the Macrocephalus beds,—comprises dark shales, often 
black, with ferruginous bands and concretions. Sometimes, however, the nodules 
are of white limestone, and the shales are locally sandy and associated with sand¬ 
stones. The chief palssontological peculiarity of these Anceps beds, as they are 
sailed, is the extreme abundance of a Terebratula regarded by Sowerby as a variety 
of the Cretaceous T. biplicata^ The shales not infrequently contain plant remains, 
but no determinable impressions are recorded. Chiefly on the evidence of the 
Jumara section the Anceps Beds have been divided into two zones : 

Upper “Anceps” Beds (yello limestone). Kinkeliniceras sp., Hubertoceras matam (Waag.) 

Meimckeites spp. 

Lower “Anceps” Beds (sandy, calcareous Beineckeia ? ravarui Spath, Indosphinctes 6alvn$ 

dtiales). (Sow.), Sivajiceras fittmm (Sow.). 

The lower zone includes Reineckeia smithi Spath, R, ressi Steinm. and other 
epecies formerly included under the term Perisphinctes anceps, A better name 
for this series would be the “Reincckeia” series, in which, however, the prece¬ 
ding “Rehmanni” beds would have to be included. The fauna of the Lower 
^‘Anceps” (Middle “Reineckeia’’) beds comprises : 

OlFHALOPODA— 

Belemnoidea— 

Bdemnopiaia callovienaia (0pp.) (P.E.*), 

„ aiihhaataia (Ziot.) (E*) (1) Either Lower or Upper Anceps Beds. 

Nautiloidea— 

Paracenoceraa kumayuneriae (Waag.) (M.), 

Paeudaganidea kutchenaia (Waag). 

Phylloceratidae— 

PhyUoceraa cf. aubobtuaum (Kud.) (of. E.), 

CaUiphyUoceraae aff. demidoffi) (Rouss.) (aff. E.), 

HoUophylloceraa mediterraneum (Neum.) (E.). 

Lytoceratidae— 

Thy^nalytoceraa a/ddoidea (Kud.) (M.E.). 


^With this type Kitchin equates his TefebraHda aurata, but the 30 well preserved 
mens on winch the latter was founded are described as having been collected from the “Gdden 
Oolite” of Kira Hill {Pal Ind., Ser. IX, VoL IH, Pt. 1,19 (1900)}. 
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Oppelidae.— 

Sindaks waageni Spath (Qenus kaowa only in Cutoh, Raiputana, Maiagasoar and 
Kenya Colony), 

Mk^aiies (?) variocosua Spath. 

M ferrugineus Spath. 

Lwmdocaraa orientale (d'Orb.), 

SMunuloceraa prelairenae Spath. 

Inoertae sedis.— 

OecoptydiMia refractua (Rein.) (E.’ and elsewhere), 

EtK^loceratidae.— 

Sibhoasfnatia diacaidea Spath, 

Indiocydocaraa dubium Spath. 

Remeckeidae.— 

Baineckeia arthritica (Sow.), 

,• aff. brancoi (Steinm.) (Speolos P.), 

indoaabauda (Far. & JBoii,), 

•, amtthi Spath, 

reiasi Steinm. (M. aff. Rajputana)^ 

,, lifolenaia Steinm. 

XeUatoayaUea oxyptyclundea Spath( cf. greppini, £.) 

Perisphinctidao.— 

Sivajiceraa aureum Spath, 

„ fisaum (Sow.), 

„ auhfisaum Spath, 

Ohtuaicoaliies obtusiemta (Waag.). 

,, waageni Spath, 

,, huckmani Spath. 

Kinkiliniceraa angygoAkr (Waag.) (Tanganyika), 

„ kinkdini (Daoq.) (K.)» 

„ aubtvaageni Si)ath, 

„ discoidcum Spath, 

Hubertoceraa arcicosta CWaag.), 

„ mutana (Waag.), 

„ ,, var. evoluta Spath, 

,, dkosaenae Spath, 

Choffatia cobra (Waag.), 

„ bnlinenaia (Noum.) (B.PK.), 

„ Tmia Spath, 

„ lateralia (Waag.), 

„ baluchiataneTisia (Noetl.) (B,), 

„ tranaitoria Spath, 

„ mediocria Spath, 

„ simulana Spath, 

„ (? Grossmvrta) aurita Spath, 

Oroaaouvria callovienaia (Loezy) (E. aff. K.), 

„ aff. leptoidea (Till) (aff. E.), 

„ anomala (Loezy) (E,), 

„ curvicoata (0pp.) (P.E’.), 

„ avexa (Quenst.) (E.* of. G. aubtilia, P.), 

Suhgroaaouvria aberrava (Wagg.), 

„ gudjinairenaia (Wagg.), 

„ „ „ var. ienuia Spath, 

„ of. coronaeformia (Loezy) (of. E.). 

Prom the Upper “Anoeps” (Upper “Reineokeia”) Beds Come; 

Belemnoidea.— 

Bdemnbpaia callovienaia (0pp.) (P.E.’). 

Nautiloidea.— 

Paraeenoceraa kumagunenae (Wagg.) (M.). 


Phyllooeratidae.— 

PtychopyUocerua sp., 

C^iphylloceraa aff. demidoffl (Ronss.) (aff. E.). 
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LytoceratidM.— 

Thifsanclffioceraa addoides (Kud.) (1C.E.). 

Oppdidae.— 

PUydiemu waageni Buckm., 

„ 9chauftihurgi (Waag.) (of. M.), 

SMofnardlia decipiens Spath» 

Pvtealieeraa sp. (trans. to KKtraiUt)^ 

SMunfuJ^rcta Utirenae (Waag.). 

Reineokeidae.— 

Reinatkeia aff. raiaai Steinm. (Spaoies M.; aft. R%jputan 
„ aff. lifoUnaia (Steinm.) Couffon, 

Kdlawayaitea spp., 

Rainadieiiea waageni (Till), 

„ M „ var. regalia Spath, 

„ iaruloaua Spath, 

„ of. hungarieua (Till) (of. B.), 

„ eriapua S^ath, 

„ jumarenaia Spath, 

Callotia koMenaia Spath, 

„ {Beineekeia f) octagona Spath. 

Forisphinotidae.— 

Obtuadeoatitea obtiiaieoaia (Waag.), 

„ purpuratua Spath, 

„ „ „ var. rotunda Spath, 

Kinkeliniceraa kinhelini (Dacq.) (K.), 

„ „ „ var. aenilia Spath, 

„ diacondeum Spath, 

„ indra Spath, 

„ varuna Spath, 

„ crtuaiplanvla Spath, 

„ kriahna Spath, 

„ paeudomaya Spath, 

Hubertoceraa hubertua Spath, 

„ „ „ YUT. fiexieoatcUa Spath, 

Oroaiimvria curvkoata (Oppel.), 

Subgroaaouvria blakei Spath, 

„ morley-davieai Spath, 

„ atenoniformia Spath, 

Orionoidea paeudorion (Waag.), 
purpurua Spath. 

Aspidoceratidae.— 

PeiUoeeraa Bp, (kaekhanaa group) (aff. E’.), 
Paeudopelktoceraa reiroraym Spath. 


Among the brachiopoda and lamelUbranchs found in the Upper Anceps Beia 
are^ 


Lopoaef. haatdkUa (Quenst.) do Lor., 
Mxogyra Sow., 

OMiraa 'earinata* Sow., 

PUeakda peetinoidea Sow., 

Lima impreaaa Horr. ft Lyo., 

X.aff. dupUeaia Sow., 

Peekn pmiitua Sow., 

Hinnitea of. honjowri do. Lor., 
Ctmoatreion prdboaddeum Phill, Dour., 
C, of. aguanmicoata (Brag.) do Lor., 
OuauUaea virgakt Sow., 

Trigoniia bremeoatata Kitoh., 


Aatrarte of. rotunda Sow.— 
Protoeardia aff. condnna (Buokm.), 
Ceromya eoneentriea (Sow.), 

C, cf, infiata (Voltz) Agase., 
Phdadomya angulata Sow., 

P, granoaa Sow., 

P. inomata Sow., 

Pkuromya otfale (Sow.), 

P. hianna (Sow.), 

Bhynehondla tnicrorhyncha Sow., 
B, paeudoineanatana Kitoh., 


iPoI. Ifid„ New Sor. IX, Hem. 2, 774 (1929). 
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Trigonia propinqua Eitch., R, subpUcatellaKitcli*^ 

T, chariensis Eitch. Alectryonia sp., and Nucula sp. 

The age of the Anceps stage is Middle Callovian. 

‘‘Athleta’’ Stage.—The next stage of the Chiiriseries, in ascending order, is a 
very thin band, sometimes only 20 or 30 feet thick, of light grey shale, with layers of 
limestone, which are generally white but occasionally yellowish or brown in colour. 
Usually this Athleta stage is recognisable by its colour and its position beneath 
the Dhosa Oolite. In the Jumara section it is represented by yellow marls overlying 
gypsiferous shales, and has been divided into three zones:— 

(3) Metapelhceras spp., Peltoceras ponderosum Waag. et spp., Orionoides 
indicus Spath. 

(2) Peltoceras metamorphicum Spath, Orionoides purpurus Spath. 

(1) Peltoceras spp. including P. kachhense Spath., Reineckeites sp. 

These zones include more than one species of Peltoceras^ especially P. kachhense 
of the lower zone, originally Ammonites (Peltoceras) athleta'\ after which the stage 
has been called. The age of the lowest zone is Lower Divesian, that of zones 
(2) and (3) Upper Divesian. 

The cephalopod fauna of the Athleta Beds is as follows: 

Oeyhalopoda— 

Belemnoidea.— 

Bdemnopais callovienais (0pp.) (P. E\). 

Hibolitea cf. (Blainv.) (Species K*,}, 

Nautiloidea.— 

Paracenoceraa kumayuntnae (Waag.) (M), 

Pliylloceratidae.— 

Phylloceraa cf. plicatum Spntb, 

Galliphylloceraa aff. dpmidoffi (Roiiss.) (aff. E.) ; 

Lytoceratidea.— 

Thyaanolytoceraa addoidea (Kud.) (M. E.), 

Qppelidae.— 

Bonarellia noduloaa (Quenst.) 

Sindeitea aff. waageni Spath, 

Stihh<marellia maniaknais Spath, 

Putealiceras trineatum (Waag.), 

,, ,, var,. craMa Spath, 

„ ,, var. COmprcMo Spath, 

„ vijaya Spath, 

,, intermedium Spath, 

„ ,, , var. robuatum Spath, 

,, ,, , var, Spath 

„ pseudodynaatea Spath, 

,, hiaulmtum Spath, 

Lunuloceraa ? niaoidea Spath (E\), 

Brightia sp. 

(Genus P. E’.), 


t The following Middle Chari forms have been determined by Dr. L. R. Cox {Pal, Ind. 
Ser. IX, Vol. 11 , Pt. 3 (1940): 

From the Anoeps beds: Orammatodon Indogrammatodon) virgaiua (Sow.) (perpa ps also 
in the Rehmanni zone); perhaps Gr, Ind.) hlakei Cox ; Lithophaga sp., and 
Trichitea indicua Cox. 

Prom the Rehmanni or Anceps beds : Modiola ghndayi (Weir). 

9 a S 1/64 


42 





1142 


MANUAL OF GSQLOGY OF INDI AAND BUBMA 


[VOL. II; 


Sublunuloceraa lairense (Waaff.)> 

t9 aff nodoaulcatum (Lah.) (aff. £.*) 

>1 dynaates (Waag.), 

» diacoidea Spath, 

Aptychua (Oormptychua) aff. heiici (Quenat) (aff. E.); 

Euoylooeratidae.— 


Erymunoceraa dorothae Spath» 

Pachyceraa indicum Spath (S.), 

I, diatinctum Spath; 

Beineokeidae.— 

CoUofiaaff. anguatilohata (Bras.) (aff. E*.), 
draupadi Spath, 

,, aff./raatft (0pp.) (aff. E^); 


Perisphiuotid^e.— 

Obtuaicoatitea devi Spath, 

,, „ var. craaaa Spath, 

,, ua^a Spath, 

„ nindi Spath, 

KinkeU'noceraa catillua Spath, 

Hvhertoceraa Huhertua Spath, 

9 f ,, , var. denaicoatata Spath, 

,, „ , var. rotunda Spath, 

„ omphaloidea (Waag.) (cf. M.; 7 S.), 

,, „ , var. polymorpha Spath, 

,, „ , var. herculea Spath, 

„ „ , var. depreaaa Spath, 

. Qroaaouvria eveaea (Quenst.) (E’. of. Or, aubtilia, P.), 

„ aff.. kantkiewiczi (Siem.) (aff. E*.), 

„ nurrhaenaia Spath, 

„ ophioidea Spath, 

Suhgroaaouvriaintermedia Spath, 

„ morley-davieai Spath, 

PoauUaphinctea hacMimaia Spath, 

Orioakoidea aaniatreiMia Spath, 

„ aita Spath, 

„ irtdicua Spath, 

„ (?) crioceraa Spath, 

Binatiaphinctea aff. riaaanenaia (Teiss) (Species P.; aff. E*, Qenns M.), 
„ of. aubaurigerua (Teiss.) (of. E’.) 

Proaoaphinctoidea maniaknaia Spath, 


Aspidooeratidae.— 

PAtoceraa kachhenae Spath (aff. E*. Identical with some of the forms originally •called P^ 
athleta) (M.), 

„ metarnorphicum Spath (E’.), ^ 

„ tetragonum Spath, 

„ kumagunenae Spath, 

„ aolidum Spath (in part P. athleta)^ 

Metapaltoceraa armiger (Sow.) (Genus M.), 

„ diveraiforme (Waag.), 

Euaapidoeeraa pyrrha Spath; 

Nautiloidea.— 

Paraeanoceras kumagunenae (Waag.) (M). 

Phyllooeratidae.— 

Phyliooeraa riazi (de Lor.) (E.), 

„ ohantrei (Mun.Ch) (E.), 

SovHrbyeeraa tranaiena (Poi^.) (E.), 
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Qppelidae— 

paralcidia hhengari Spath, 

Bonarellia hieostata (Stahl) (£\), 

Horioceras baugieri (d'Orb.) (£*.), 

Putealiceraa intermedium Spath, 

„ punctatum (Stahl) (£*; of. P.), 

„ himlcatum Spath, 

SuUunuloceraa ? of. inermia (£ Bouv.) (of. £*.), 

Trimarginitea (?) affi rollieri (de Lor.) (aff. E’.), 
liorioloceraa of. inconapicuum (P. de Lor..) (of. (E*.), 

,, canaliculatum (Quenst.) £*.)— 

Perisphinotidae.— 

Hubertocraa 8pp. (omphalodea group), 

Oroaaouvria aff. variabilia (Lah.) (aff. E’.), 

Orionoidea (?) anguinua Spath, 

Klematoaphinctea mirandua (P. de Lor.) (E*.), 

„ periaphinctoidea (Sinz. de Lor) (E\); 

Properiaphinctea bemenaia (P. de Lor.) (E*.), 

Proaoaphinctea of. conaociatua (Buk.) (E*.); 

Aspidocoratidae.— 

Peltoceraa gpp. (many fragments), 

,, ponderoaum (Waag.), 

MeUipeltoceraa armiger (Sow.), 

„ diveraiforme (Waag.), 

„ flavum Spath, 

Euaapidoceraa armatum (P. de Lor) (E*.; Eu, perarmatum, M.), 

„ douvUlei Coll.) (£’.), 

,, acanthodea Spath, 

Other fossils from the Athleta stage include the following: 

Amphaeaatraea sp., 

Pentacrinua p., 

Pygaater p., 

Bhynchondla nobilia Sow., 

Zeillera ap., 

Arcjoatraea amor (d’Orb.) Bouv., 

Lima gihboaa Sow., 

Pecien aff. Una Sow., 

Nucula (Palaeonucula) cf. menkei Boem., (Middle or upper part of the stage, a European 
form), 

,, ,, cuneiformia Sow., 

„ {Rollieria) of. meriani (Rollier) (Middle of upper part of the stage) 

,, {Praeaaccdla) juriana Cox. 

Palaeoneilo indicua Cox, Lower Athleta beds). 

Pteropema^ NoM Oox, (Lower Athleta beds), 

ParalUlodon lerenaia Cox, 

Orammatodon jurianua Cox, (close to the European Q. concinnua Phill.) 

,, \lndogrammatodon) virgatua Sow., 

Modiola gUndayi (Weir), 

,, (/nopema) pZteato Sow., 

BaJcewella sp., 

Oervillia ailiqua Besl. (found also in Europe, Suez and Tanganyika), 

Inoceramua sp., 

PiuTM atoliczkai Cox, 
tt (Stegoconcha) of. 0, mulleri Krenk., 

Aatarte unilateralia Sow., 

„ compreaaa J. de C. Sow., 

Pholadomya angulata Sow, 

Ooniomya sp., 

Nerita sp., 

Alaria sp.. 

Vertebrae and fish remains. ^ _ 

• The- Athleta fauna and the zone which immediately follows togjether represent the upper 
Gallovian. Of less certain horizon but belonging either to the Oallovian or the Bivesian are the 
following: 

Nucuj 0 {Ptd aeonueula) cuneiformia Sow., 

Pinna of. mitia Phil, (found also in Europe and East Africa), 

' >» Stegoconcha) of. O, midUri Krenk., (found also in Tanganyika), 
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Dhosa Oolite.— The uppermost Chari stage, or Dhosa Oolite, is the most 
characteristic of all, both lithologically and palaeontologically. It is of no great 
thickness though more developed than the Athleta Beds, and consists of-grey, 
reddish or brown oolite, sometimes sandy and often nodular. Cephalopods are 
abundant and in many places there are large numbers of a species of Terebratula 
named by Dr. Kitchin euryptycha^, closely related to T. elleridgei of the English 
Inferior Oolite. At Jumara the following zones have been established: 

Green Upper Dhosa Oolite.— 

3. Taramelliceraa jumarenae Spath, Lithacoceraa aff.. kreutzi Siem. 

2. Mayaitea m'lya (Sow.), Peltoceratoidea aemirugoaua (Waag.). 

Brown Lower Dhosa Oolite.— 

1. Euaspidoceraa p. 

Zone 1 is equated with the Upper Divesian {renggeri zone). Zone 2 with the 
Lower Argovian (cordatus zone), and Zone 3 with the Upper Argovian {tran&versairus 
zone). The Dhosa Oolite, therefore, includes the topmost Divesian and most of 
the Argovian. It marks a break in the uniformity of the deposits ; in places it is 
a brown oolitic rock, often conglomeratic, with its fossils corroded and coated with 
oysters and showing a limonitic crust.* In the southern range the base of the 
Dhosa Oolite is formed by transitional shales succeeded by a hard sandy lime¬ 
stone, the equivalent of the Lower Dhosa Oolite in the north; its most characteristic 
feature is the presence of gigantic ammonites of the type of Stephanoceraa 
(Epimayaites) polyphemus (Waag.). 

The cephalopod fauna from the main bulk of the Dhosa Oolite, which we may 
designate the Lower Dhosa Oolite comprises: 

Ceohalofopa— , 

Belemnoidea. • 

Belemnopata orientalia (Waag.)» 

Hibolitea p. {aauvanausus Waag.), 

„ aff. claviger (Waag.); 

Nautiloidea.— 

Paraeenoceraa hexagonum (Sow.) (E*.), 

„ kumagunense (Waag.) (M.), 

„ aff. lorioli (v. Loesch) (aff. E’.)- 

„ tvajidaenae (Waag.) (B.); 

Phyllooeratida**.— 

Ptychophylloceraa feddeni (Waag.) (M.). 

„ jaraenae (Waag.) (M,), 

CaUiphyUoceraa lodaenae (Waag. (M.); 

Lytooeratidae.— 

Thyaanoiytoceraa adetoidea (Kud.) (M. E.); 

Oppelidae.— 

paeuddbrighHa dhosaenia Spath, 

„ aubpunetat (Spath), 

C mpyliUa aecula SpaXh, , ),. 

ProacaphiUa of. hermonia (Noetl.); 

Haplooeratidae.— 

JjMBOceratoidea erato (d’Qrb.) (E.); 


1 Equivalent of ParaUdodon ageHonianum Sto]. (Himalaya & Aden), 
t L. F. Spath, Pal. Ind., New Ser, Vol. IX, Mem. 2, Ft. 6,780 (1927). 
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Mayaitida^.— 

Mayaiiu vmya (Sow) 

„ ,« var. ajp^ta Spatb, 

aff. maya (Sow.) 

,, rotundua Spath, 

„ jumarenaia Spath, 

„ obeaua Spath. 

„ aubkobyt Spath, 

„ emeei Spath, 

„ radiatua Spath, 

„ (? ParypKoceraa) arenoaua (Waag.), 

Epimayika polyphemua (Waag.), 

„ tranaiena (Waag.) (M.), 

,, laviua Spath, 

„ auharenoaua Spath, 

Dhoaaitea elephnrUoidea Spath, 

„ otoitoideaSpAth, 

„ primua Spath, 

Poryphoceraa rugoautn Spath, 

„ badienae Spath, 

„ atephanoidea Spa tb, 

,. c^coaiforme Spath 

„ Tierunaenae Spath 


Perisphinctidae.— 

Hnhertoceraa sp., 

KlemfZioaphinctea praecurao (Waag.), 
Alligaiiceraa indicum ^ath, 

„ jooraenae (Waag.) (M.), 

„ obliqueplicatum (Waag,), 

,, polymofphum Spath, 

Otoaphinctaa rota (Waag.), 

„ rotiformia Spath, 

,, jacii Spath, 

Periaphinclea indogermanua (Waag.) (M. aff. £’.), 
„ kheraenaia Spath, 

„ coJei Spath (aff. £\), 

PachyplanuHtea aubevolutua (Waag.), 

„ nerunaenaia Spath, (E*.) 


Aspidoceratidae.— 

Peltoceraioidea aamirugoaua (Waag.) (s=P. arduennenaia, M. K.) 

„ ,» f var. denaicoatata Spath 

,, „ , var. robuato Spath, 

„ inconaUvns (Uhl.) (E’.), 

,, indicaa Spath, 

„ bidena (Waag.), 

„ propinquua (Waag.), 

,, aff, eugenii (Basp.) (aff, E’.), 

„ aegoceroidea (Waag.), 

,, (Parawedekimia t aff. toroaua (0pp.) (aff. E\) 

Euaapidoceras waageni Spath, 

,, dbtaum Spath, 

„ aparaiapinum (Waag.), 

„ blakei Spath, Blakei, 

„ jumarenae Spath, 

„ neumayri Spath, 

„ comutum Spath, 

„ aff. ov€Ue (Neumann) (aff. E\), 

„ aimile Spath, 

„ badienae Spath, 

Parapidaoeeraa aff. loricatum Spath (aff. E*.). 

At Jumara, Jarra and Surka, a higher green oolite has been noted with a distinct 
fauna of its own; from this Upper Dhosa Oolite have been obtained: 





1146 XAirVAIi OF OKOLOOT OF INDIA AND BOBHA [VOL. II» 

01FE4LOPOSA— 

Oppelidae.— 

Taramdliceraa «mare»M Spath. 

Perisphinctidae.— 

Dichotmosphirutea hdenaa (de Biai), (E*.)» 

,9 ^ duhhdenae Spath, 

Discosphincias aff. virgiMua (Quenst.) (afif. £*., 

9 , aff. kreutzi (Siem.) (aff. E’.)» 

(LUhacoceras) atUtmazurieus Spath (saPeriaphinoUa chbrooUthiiua Waag, 
non Qumbel). 

Aspidoceratidae.-— 

Euaapidoceras (Neaapdoceraa 9 ) sp. 

Besides the cephalopods, the following have been recorded by Dr. Spath, most 
of them from the matrix of large examples of Mayaitea: Pleurotomaria spp., Ver 
metua sp., Lopha sp., Pecten spp., Vola sp., Inoceramua sp.. Pinna sp., Myoconcha sp. 
Pleuromya sp., Phohdomya sp., Trigonia nitida Kitch., Aatarte unilateralia Sow, A. 
oompreaaa Sow., Rhynchonetla paucipUcata Eitch., R. aubplicatella Kitch., 12. 
fornia Kitch., R, brevicoatata Kitch., 12. veraabUia Kitch., Terebratula dhoaaenaia 
Kitch and var., T, compreaaa E^tch., T. euryptycha Kitcht., fossil wood is recorded. 
From the Lower Dhosa Oolite Dr. L. B. Cox has recognised : Qrammotodon {Indo- 
grammatodon) virgatua (Sow.), Modiola glendayi (Weir), Peteropema sp. and 
OxyUma inaequivalve (Sow.), the last being a form found in Europe and British 
Somaliland. 

Kiltrol series. —^The Katrol series, which rests upon the uppermost subdivisions 
of the Chari beds, is of considerable thickness. It consists of sandstones of various 
kinds, white, brown, pinkish grey, etc., and shales which are usually grey or reddish 
but are sometimes very dark coloured like those of the Anceps Beds. Shales prevail 
towards the base of the group and sometimes contain ferruginous nodules and 
concretions. Although shales on the whole predominate, the upper portion is 
composed largely of sandstones. 

Kantkot Sandstones.— In Cutch proper the Eatrol series forms two belts. The 
first extends for nearly eighty miles in the anticline along the Bann, occupying 
the median range, surrounding the inliers of the Pachham and Chari series and 
stretching to a considerable distance beyond them; this exposure varies in breadth 
within a maximum of nearly ten miles. The second belt, situated in the Charwar 
range south of the great fault, is about 35 miles from east to west, but nowhere 
more than two miles broad. In addition, the greater part of Wagur is occupied 
by beds which have been assigned to the base of the Katrols but which might 
equally well be given a place to themselves intermediate between the Chari and 
KatroJ. From tWr development around the town of Kantkot, these Wagur beds 
have received the name of Kantkot Sandstone; they are composed of grey or 
yellowish shales below, and of white, grey and pinkish sandstones, both coarse and 
fine, above. Although the Wagur rocks are very similar in mineral character to 
the Katrol rocks of the Cutch main area, their cephalopoda are almost all distinct 
and indicate a lower horizon. The cephalopoda include: 


*Tarahraiula aeUa yaP*. Sowerby. 
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Belemnoides.— 

BdemnopeiB hunicoUnBia (Waag.)« 

HiMiUa fuHiculua (Waag.), 

M skUiczhanus (Waag.). 

Phj^ooeratidae.— 

PtyehophyUoceras inavlare (Waag.]« 

Oppelidae. 

Taramdliceraa Bp. 

Mayaitidoe.— 

Bpimayaitea lemoinei (Spath) (ssStephanoceraa cf. maya from Spiti), !J 
„ axonoid^ Spath, 

„ ' avhtumidua (Waag.), 

M paeudindieua Spath, 

„ evolutua Spath, 

„ excetUridua Spath, * 

„ tranaiena (Waag.), 

,» falcoidaa Spath, 

»» patella Spath, 

Prograyiceraa grayi (Spath)—iSfephanoeeraa nepalenae from Spiii), 

„ tramaun^nae Spath. 

Perisphinetidae.— 

Klematoaphinctea aff. hiemeri (0pp.) (aff. E*.), 

Periaphinctea orientalia Siem. (E^. JssP.plicatilia (Dorn).) 

Biplicea wagurenaia Spath, 

„ (?) aff. bdhmi (Steinm.), 

Pachyplanulitea aubevolutua (Waag.) (]K), 

„ pagri (Waag.), 

„ avJbcolubrinua (Waag.) (K.), 

Dichotomoaphinctea orbignyi (P. de Lor) (E\)» 

„ falculae (Bonch.) (E’.), 

„ helenae (de Biaz) (E*.), 

„ groaaouvrei (Siem) (E\)* 

„ of. aubroia (Choff,) (cf. E*.), 

„ aff. luciae (de Baiz) (aff. E\)f 

Proaoaphinctea virguhidea (Waag.) (K.)» 

„ (?) B.f[.fontanneai (Choff,) (aff.E*), 

Ataxioceraa praecox Spath, 

„ kachhenae Spath, 

„ leiocymon (Waag.), 

Diaeoaphinciea aff. aer^eoa (Gemm.) (aff. E.), 

„ aff. dybawakii (Siem.) (aff. E’.), 

„ aff. apongiphyllua (Moesch) (aff. E’.), 

„ {t)jel8kii (Siem.) (E. E’.), 

„ aff. tyrrhenua (Qemm.) (aff. E.), 

„ af[. fraaai (Dacq.) (Species found in Abyssinia), 

„ indicua (S]^th), 

Tarquatiaphinctea torquatua (Sow,). 

Aspidoceratidae.— 

Neaapidoeema tenuiapinatum (Waag.), 

„ wcugurenae Spath, 

„ variaM Spath, 

„ aff. luaitanieum (Choff.) (aff. E’.), 

Euaapidoeeraa aubdUtracium (Waag.). 

Probably the whole of the Eaatkot Sandstone stage belongs to the Argovian 
{transversarius and bimammatus zones). 

In the scrap at Iddurghur Mr. J. H. Smith has collected two ammonites identi* 
fied by Dr. Spath as PUmites aff. emeati de Lor. and TorqmtitphinOa sp., and from 
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beds 10 feet higher up four fragments recognised as Ataxioceras ? (Plmites t) sp* 
ind., TorqwMaphindtea sp. nw). ? ind., PUinites aff. breviceps Quenst. {Peris* 
phincUs lictar Canav. non !Porntannes) and a form resembling Perisphinctes modes^ 
tus Sohneid. These ammonite faunas, according to Spath, approximate to that of 
the Kantkot. The interesting point of the occurrences, however, is the discovery 
by Mr. J. H. Smith, in the lower of the two horizons of a lamellibranch assemblage^ 
very similar to one which has hitherto been regarded as a typical feature of, 
the Umia series at the top of the Jurassic sequence. The specimens from 
Iddurghur include Astarte major Sow., Oervillia kantkotensis Cox, Pxogyra cf. 
imbricaia Krauss, Pinna sp., Ohlamys ? sp., the large Orammatodon (indogramma^ 
todom) iddurghurenis Cox, and Trigonia smeei Sow.' 

A fauna from Gangta Bet, also of Argovian age, includes* Perisphinctes jelsiki 
Siem,, P. aff. inconstans (Spath), P. aff. orientalis Siem., Prososphinctes virguloides 
(V^aag.), Discosphinctes aff. virgvlaius (Quenst.), Torqucutisphinctes cf. torquatus 
(Sow.), Epimayaites sp., Astarte major Sow. and an eogyrate oyster. 

Jamn Beds.— ^Another small fauna from the Belemnite Marls of Jurun in¬ 
cludes not a single species known either from the Kantkot Sandstone or from the 
basal Katrol bed of southern Cutch ; if there be any Lower Kimmeridgian at all 
in Cutch, it must, in the opinion of Dr. Spath, be represented by at least some of 
this assemblage. The fauna includes.* 

Cephalopoda— 

Torquatisphinctea aliemeplicatua (Waag.), 

„ „ „ , Yar. maculata Spath, 

„ jurunensia Spath, 

„ aimilia Spath, 

„ sp. (transitional to Pachyplanulitea irragularia), 

Planitea conaeoeiat^ormia (Sim.), 

„ aff. brevioepa (Quenst.), 

MeMoploceraa paacmi Spath, 

„ aff. (Choff.), 

„ sp. {paaudofleamoauin Coff., non Fayre), 

HcHcophylloeeraa meaolcum (Dietr.), 

Aapidoceraa aaymmetricum Spath, 

„ aff. biapinoaum (Ziet.), (aff. £’.), 

Hibolitea spp. {haatatua-daviger group). 

Lower Katrol Stage. —The earliest fauna of the Katrol series proper has been 
collected mostly from the basal ^‘Katrol Ammonite bed” of Fakirwadi and Ler 
and the neighbouring localities in the southern range; preserved in a dark, phos- 
phatic grit weatherin almost white, the ammonites are generally easy to recognise. 
A few of the specimens come from Habye. The fauna of the basal Katrol bed 
a^^pears to Dr. Spath to belong to the Middle rather than to the Lower Kimmerid¬ 
gian ; it includes: 

^Oeol. Mag. LXXII, 186 (1935); Pal. Ind. Ser. IX, Vol. Ill, Ft. 3, (1940).* 
gpath records Trigonia amaei and AatarU major from Kantkot, but whether from the 
Miitkot Sandstone or from some other horizon at Kantkot is not stated (Ibid. 186-7). In 
Wagur the Kantkot Sandstone is overlain by beds which are similar lithologically but which 
contain only lamellibranohs including AaUurH major and Trigonia smeei. Other examples are 
suspected oi a similar lamellibranch fauna occurring at much the same horizon and considerably 
below that of the Umia group; such include, besides the Trigonia and AatarU mentioned, 
Oatraaa marahi Sow., Gryphaia dilataia Sow., and perhaps Trigonia Unuia Kitoh., T. 
irapazij&rmia Kitoh. a^ T. remota KJtch. (Pal. Ind., New Ser., vol. IX,Mem. 2,786-787 (1927)). 
Dr. L. B. Cox also records the following: Chammatodon (Indogrammatodon) hantkoUnaia 
Cox from the Argovian of Kantkot; Mytiltfa (Paleimytilua ?) tramauenaia Cox from the 
Argovian of the Tramau river; and Oaiytoma inaeqvivalve (Sow.) from the Upper Argovian 
of Swodi.. 

* L. F. Spoth. Oeol. Mag. Vol. LXXH. Not. 8, p. 186 (1885). 

• Inid. Note 1, p. 187 (1886). 
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Cephalopoda— 

Belenmoidae.— 

Bdemnopaia aff. iaTigananaia (Futt.) (Species M. and Somaliland), 

Hibolitea of. aemiaulaUua (Munst.) (of. £.), 

„ katrolenaia (Waag.) (M.), 

„ ctevijrer (Waag.). 
iPhyllooeratidae.— 

Phylloceraa aaxonicum Neum. (K.), 

Ptyehophylloceraa ptychoieum (Quenst.) (E. & Tanganyika)., 

OcUliphylloGeraa benacenae (Cat.) (E.), 

Holeophylloeeraa polyokum (Dietr.), 

Sowerbyceraa loryi (Mun.-Chal.) (E.), 
lOppelidae.— 

Taramellicaraa kachhenae (Waag.), 

„ akher Spath, 

„ of. compaum (0pp.) (of. E’.), 

„ aff. holbeini (0pp.) (aff. E’.), 

„ SLS.Jraneiacanum (Font.) (aff. E.), 

„ gibboaum Spath, 

,, aff. auccedena (0pp.) Zitt. sp. (of. E.), 

„ paeudofiexmaum (Favre) (E.)» 

„ tranaitoHum Spath, 

„ planifrona Spath, 

„ nereiforme Spath, 

„ atibkobyi Spath, 

StreblUea plicodiacua (Waag.), 

„ leptodiacua Spath, 

,, habyenaia Spath, 

Hemihaploceraa mbile (Nenm.), 
fiaplooeratidae.— 

Olochiceraa deplanatum (Waag.), 

,, aff. dentatum (Rein.) (aff. E*.), 

„ ct.fialar (0pp.) (of. E’.), 

,, aff. aomalicum Spath. 

Perisphinctidae.— 

Di^tamoceraa prediviaum Spath, 

Biplicea anguxnua Spath, 

„ (7) auiiiua Spath, 

PachyplaniUitea irregularis Spath, 

Lithacoceraa paefudomrguloidea Spath, 

Torquatiaphinctea altemeplieatua (Waag.) var. neglecia Spath, 

,, primua Spath, 

,, acuticoatatua Spath, 

„ tenuiairiatua Spath, 

„ (7) lunulatopiicatua Spath. 

Aspidocerat idae.— 

Paeudowaagenia haynaldi (Herb.) Neum. sp. (E. of. M.), 

,, carpathica Spath (E.), 

„ micropla (0pp.) (E.), 

Aapidoceraa aff. aeaquinodoaum (Font.) (aff. E.), 

„ aff. paeudomicroplum (Burckh.), 

„ aff. longiapinum (Sow.) (aff. E\), 

„ caroli Spath, 

„ binodum (Quenst.) 0pp. sp. (of. E’.), 

Waagenia monacantha (Waag.) (Some of the Cutoh species common to Somaliland) 

„ kachhenaia Spath, (M.), 

„ hildebrandti (Beyr.) Futt. (M.), 

„ beckeri (Neum.) (E.)» 

omala Spath. 

Phylloceratids for the first time appear in large numbers, all four of the great 
groups being represented. The main features of the fauna are; the increase in 
the number of species of oppelids and aspidoceratids, the comparative rarity of 
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perisphinctids other than Torquatisphinctes, and the complete absence of Suos* 
pidoceraa and Ataxtooeras,^ 

Middle Katrol Stage.—Above the basal Katrol phosphatic grit and acobm- 
panyuig shales there follow various brown and red ironstones, from somewhat 
varying horizons of which has been collected a fauna intimately allied to the Lower 
Katrol assemblage and corresponding approximately to the European Steraspis^ 
zone or Oravesia beds of the Middle Kimmeridgian. The abundance of Pachy^^ 
sphinctes and Katroliceras is the most notable feature of this Middle Katrol assem- 
mage which includes: 

Cephalofoda-t- 
Phyllooeratidae.— 

Ptychophylloura4 ptychoicum (Quenst.), 

Holecphylloceraa mesolcum (Dietr.) (K. & Tanganyika), 

Lytooeratidae.— 

Hemilytoceras rex (Waag*)> 

Oppelidae.— 

Strehlitea plicodiscus (Waag.)s 

Ajpiychtu {Lamellaptyihue) euglyptus 0pp. (E’.)» 

Perisphinctidae.— 

Torquatiaphinctea intermediua Spath, 

„ hdbyenaia Spath (K.)> 

,, ruber Spath, 

Peuhyaphinctea major Spath (K-)f 
,, rohibatua Spath, 

„ granti Spath, 

„ craaaua Spath, 

„ bathyplocua (Waag.) (Badesar beds of Bajputana), 

„ „ , yar. aparaicoatata Spath, 

„ „ , yar. aerpentina Spath, 

,, ,, f yar. obeaa Spath, 

„ linguiferua Spath, 

„ wantraenaia Spath, 

„ aymmetricua Spath, 

„ of. adelua (Qemm.) (of. E.), 

,, otientalia Spath, 

Suhplanitea elegana Spath, 

„ adeloidea Spath. 

„ ,, , yar. rotunda Spath, 

„ aff. eoTitiguua (Oat.) Zitt. sp. (aff. K.), 

,, (?) flexuoaua Spath, 

Metagraveaia decipiena ^ath, 

Katroliceraa pattingeri (Sow<), 

„ f var. obtuaifrona Spath, 

,, UHUtgeni Spath, 

„ aowerbyi Spath, 

,, »» > var. diffkilia Spath, 

„ lerenae Spath, 

„ euplocum ('Vyaag.), 

„ zitteli Spath, 

,, arenoaum Spath, 

„ depreaaum Si>ath, 

„ „ , yar. Spath, 

„ pingue /3yaih, 

„ aubkairoUnae Spath, 

„ t* » ▼ar. apUndena Spath 

„ katroUnae (Waag.), 

„ „ , yar. apiaaipliealta Spath 

„ (?) padlaaiforme Spath, 

Svhdiehotomouraa inveraum Spath, 

„ aimplex Spath, 

Autaeoaphinetaidea latAoaaaJtna Spath, 

,, of. (UU.), 

> L. F. Sp.th. Fol. Ini., Now Ser., Vol. IX, Hem. 2, Pt.«. 789 (1972). 
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Aspidooeratidae.— 

Aapidoceraa lereriae Spath, 

„ aff. hopliaum (0pp.) (aif. E*.), 

„ iphiceroidea (Waag.) (M.), 

„ hinodi/erum (Waag.), 

„ wynnei (Waag.) (K.), 

„ aubwynnei Spath, 

Phyaodoceraa (?) aff. aveUanum Zitt. (aff. £.), 

Waagenia kachhensia Spath, (M)» 

„ ormta Spath. 

Upper Katrol Stage or Gajansar Beds. —It will be seen that some four of 
ammonites listed above occur at higher levels, but about 2(X) feet above the upper 
limit of the Dhosa Oolite ammonites have all but disappeared. The Middle Katrol 
beds with their fossils are followed first by barren shales and then by a great thick¬ 
ness of Katrol sandstone equally devoid of ammonites. A fauna believed to be 
younger than the Katrol faunas so far considered, but older than the Tithonian 
TJmia assemblage, has been described by Dr. Spath from Gajansar (Gudjinsir), 
where the equivalents of the Kantkot Sandstone and the Jurun Belemnite Marls 
are wanting. The rocks, from which this Upper Katrol fauna has been collected 
rest directly upon the local Dhosa Oolite and have yielded: 

Cephalopoda— 


Belemnoidea.— 

Belemnopsia of. gerardi (0pp.) Uhl., 

Nautiloidea.— 

Paracenocereta hexagoiundea Spath, 

Phy lloceratidae.— 

Phylloceraa ei.plkaium Uhl. 

„ of. conaaiiguinum Geiun. (of. E.), 
Ptychophylloeeraa angelini (0pp.) Zitt. sp. (E.), 

,, geminum (Ben.) (E.)» 

„ aff. zignii (0pp. Zitt. sp. (aff. E.), 

Holcophylloceraa meBolcnm (Dietr.), 


Oppelidae.— 

Streblitea gajinaarenaia Spath, 

Haplooeratidae.— 

Haploceraa dimaium (0pp.) (M. E. Tanganyika), 
Hildogloehiceraa propinquum (Waag.) (?) M., 

„ avJbdieneri Spath, 

„ „ , var. laevia Spath, 

„ planum (Waag.), 

„ coUi Spath, 

„ „ , vaT.faleifera Spath, 


Perisphinctidae.— 

Subdichatomoceraa (?) aparaiplicatum (Waag.) (Tanganyika), 

»f (U gajinaarenae Spath, 

„ {Aulacoaphinctoidea ?) diadema Spath. 

This fauna is not unlike that of the Trigonia smeei beds in the Tendaguru- 
series of Tanganyika which contains Portlandian ammonites; it shows resem¬ 
blances also to the glauconitic sandstones of the same age at Antsalova in Mada¬ 
gascar.^ 

Probably from some ironstone band in the Upper Katrol, perhaps from a higher 
horizon than the above come the two forms: Aulacosphinctoides meridionaliB 
Spath, and J^irgotosphinctes (?) indosphincdoiies Spath. 


1 Ann, 8, Afr, Mua., XXVni, Pt. 2,131 (1930). 
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The ZAmta Shales of Narha.’—Io the Katrol series proper, imperfect plant 
remains are common, as they are in many of the lower beds of the Cutch Jurassics, 
hut in one instance, near the village of Narha (Nurrha) some of the plants are more, 
or less determinable and have been discussed in the chapter on the Gondwana 
system (p. 993). Associated with these plant remains in the Zamia Shales of 
Narha is a small marine fauna, probably of much the same age as that of the 
‘Qajansar beds; it consists of: 

'Obphalofoda.— 

Hildoglochicercis kobeUi (0pp.) (M. Spiti and Tanganyika), 

„ kobeUifartM (Par. & Bon.), 

Dorsoplanites mirabilia Spath, 

Oecoptychiua refractus (Bein.) (£’.). 

The last species has also been obtained at Jarra from a bed said to be 6(X) feet 
above the Dhosa Oolite. 

A Pleufotomariai a Pholadomya^ an InoceramuB^ a Stomechims, Cidaris sp., 
Pseudodiadema sp. an^ a few pieces of wood are also recorded from the Katrol 
series. 

Umia Series. —Taken as a whole, the tJmia series, called after a small village in 
western dutch, is upwards of 3,(XX) feet thick and equal in development to nearly 
all the Jurrasic beds below it. As a rule it consists of sandstones of various kinds, 
and more or less sandy shales. The sandstones are usually soft and white or pale 
brown in colour, occasionally variegated with pink, red and often very argillaceous 
with a tendency to decompose into a loose sandy soil which covers and conceals 
outcrops over a great part of the country. Among the sandstones are a few thin, 
hard bands approaching quartzite and, much more frequently, thin bands of hard, 
black or brown, ferruginous grit. In a few instances carbonaceous shale, occurs, 
and in one locality a thin seam of bright jetty coal. The beds of this series, in fact, 
show a marked resemblance to some of the Upper Gondwana strata of Central 
India, especially the soft, argillaceous sandstones and sandy shales and the hard, 
ferruginous, gritty bands. The presence of glauconite in some oolites which form 
part of the tJmia succession suggests slow sedimentation. 

The surface occupied by the rocks of the Umia series corresponds in magnitude 
with the thickness of the formation and embraces about half the Jurassic area in 
Cutch. In Cutch proper these beds extend throughout the province from the 
northwestern extremity near Lakhpat to the eastern end beyond Vachao, forming 
a great plain south of the irregular range of hills along the edge of the Bann. They 
also reach round each end of the range, especially to the east where the bottom 
Umia beds stretch north of the hills for about 20 miles along the edge of the Bann. 
The main belt of the Umia beds is, on an average, from eight to twelve miles 
across. The rocks lap round the western end of the Charwar range, where the 
large E. W. fault, to which the range appears to be largely due, seems to die out; 
south of the Charwar range they cover another plain, nearly 50 miles in length from 
east to west and about eight miles broad. Umia rocks also occupy the western 
portion of Wagur. 

The beds of the Umia series are covered uncomformbly by the Deccan traps 
and by Tertiary rocks except in one place in northwestern Cutch, where they 
underlie the Lower Cretaceous strata of Ukra hill. 

Towards the base of the Umia series there is a thick band of hard, grey, cal¬ 
careous conglomerate, sometimes ferruginous, associated with sandstones and 
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shales. In this conglomerate and in some of the associated beds marine fossila 
are numerous. Throughout the rest of the group plant remains are common, 
though not often sufficiently well preserved to be identified. Except in the basal 
bed, marine fossils are rare in the Umia series but, separated from the Lower Umia 
scarps with their Tithonian ammonites by ridges of barren sandstones 200-3W 
feet thick, is a Trigonia bed^ which is capped by about 1,000 feet of Upper Umia 
shales and sandstones; next in succession follow the remnants of marine Aptian. 
beds at Ukra Hill, but it is possible that they are cut off from the older beds by 
a fault*. Trigonia smeei Sow, the most typical fossil of the series, is said to 
have been found in some places, as for instance near Vigori, forty miles 
northwest of Bhuj, in beds near the top and well above the horizon at 
which most of the fossil plants have been obtained. From the Umia group 
there has been obtained the fragment of a mandible of Plesiosaurus described* 
as P. indicuSy whose affinities are not fully determinable.® 

The basal Umia bed has yielded the followings cephalopod fauna, which ifr 
more homogeneous than the faunas of the beds below and indicates at the latest^ 
a Lower Tithonian or even possibly an uppermost Portlandian age: 
Cephalopoda^ 


Belemonoidea.— 

BeUmnopais sp. 

Hiholites aff. claviger (Waag.), 


Nautiloidea.— 

ParOfCeiuKeraa hexagonoidea Spath, 


Phyllooerat idae.— 

Ptychophylloceraa tithonicum Spath, 
Holcophylloceraa aiUaiacum (0pp.) (E.), 

Ly tooerat idae.— 

Bemilytoceraa cf. montanum (Opp ) (cf. E.), 
„ aff. autih (Opp.) (aff. E.), 

Haploceratidae.— 

Haploceraa ap. 


Perisphinct idae.— 

Aulocoaphinctoidea (?) sp. 

Virgatoaphinctea denaeplicatva (Waag.) (Himalaya), 

„ „ ,var. inaegtwlia Spath, 

„ „ ,var. blakei Spath, 

,, „ ,var. rotunda Spath, 

„ „ ,var. atriatiaaima Spath, 

,, communia Spath, 

„ oppeli Spath, (aff. a Badesar form, Rajputana ; equivalent to Periaphinc 

tea frequeria of Spiti). 

„ aaheraenaia Spath, 

Aulaeoaphinctea occultefurcaiua (Waag.) (cf. £’.), 

Micracanthoceraa aff. microcanthum (Opp.) (Species E.), 

„ brightoni Spath, 

„ aff./mttdator (Zitt.) (aff. E.), 

Umiaitea rajnaihi Spath, 

„ minor Spath. 


I Ann. 8. Afr. Mua. XXVIII, pt. 2,131 (1930). 

* Mr. Raj Nath places the U&ra beds between a* restricted Umia series including the 
ammonite bed, the Trigonia beds and about 1,000 feet of unfossiliferous shales below, and the 
Zamia beds and Plant beds which he unites into the ‘3huj stage*’ above; this however, would* 
make the Zamia beds and Plant beds Middle Cretaceous. (Q. J. Geol. Min. Met. Soe. Ind 
IV, 167 (1932). 

• R. Lydekker, Rm. XX, 67 (1887). 
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For correlation purposes the presence of midfacaWthoceraa is important, while 
the predominance of the genus Virgatosphinctea is also significant. 

Cephalopoda are described as exceptional in the tJmia series and as forming 
by no means so important a proportion of the fauna as they do in the other Jurassic 
subdivisions, the most typical fossils being two species of Trigonia {Trigania ameei 
and T. ventricoaa) and an Aatarte {A. ^‘major**). That some of the forms belonging 
to the lamellibranch horizon occur in the ammonite bed also is proved by the 
discovery by Dr. Spath of numerous specimens of the brachiopod, Acanthothyris 
muUiatriata Kitch, an example of Trigonia retroraa Kitch., and a very large Pec/en 
{Ohlamya ot Aequipecten) resembling some Tertiary types, all adhering to the 
matrix of one of the gigantic Virgatoaphinctea from the Umia ammonite bed. As 
we have seen, a very similar lamellibranch bed has every appearence of belongii^g 
to a horizon close to that of the Kantkot sandstone, and one conclusion is that 
some of the lamellibranchs range at least from the Kantkot Sandstone to the Umia. 

It remains to describe briefly the non-cephalopod fauna assigned to the Umia 
series. Whether there has been any confusion between collections from the Kant¬ 
kot lamellibranch horizon and those from the similar horizon in the Umia series, 
it is not possible to say ; if not, it merely follows that still more of the non-cepha¬ 
lopod forms have a longer vertical range than was at first supposed. The com¬ 
monest Umia fossils are described as Trigonia ameei Sow, and T. ventricoaa Krauss. 
The latter is recorded from the Margalla Pass of Hazara, where it occurs in pro¬ 
fusion in rocks considered to be the equivalents of the Giumal Sandstone of Spiti^ 
whilst the occurrence of both forms in Upper Gondwana strata (T ripati beds) near 
Eajahmundry in Madras has already been noted (p. 1002). A form described as 
T. tuberculifera Stol. from the Cretaceous (Trichinopoly) beds of Coonnum in 
Madras is either very closely allied \o or identical with T, ventricoaa^. 
Still more interesting, however, is the occurrence of Trigonia ventricoaa 
in the Uitenhage series (Cretaceous) of South Africa and in Lower Neoco- 
mian beds in Tanganyika (old German East Africa, N. W. of Kiswere). On the 
Sunday river at Prince Alfred’s Rest in South Africa Trigonia ventricoaa is accom¬ 
panied by T. van Sharpe, a peculiar Uitenhage species whose adult forms resemble 
mature specimens of the Umia T. v-acripta Kitch., this resemblance, however, 
is regarded as an interesting case of convergence in development, their adolescent 
characters being widely different. The costate section of the Trigonia, which 
played such an important part in the older Chari beds is replaced in the Umia beds 
by non-costate types, though relics of the older section are seen in the presence of 
T. parva Kitch. and T. tenuia Kitch., both costate forms; T. ameei is an interest¬ 
ing link between the two sections. Other species of Trigonia from the Umia beds 
as determined by Dr. Kitchin, are: T. craaaa Kitch., almost identical with the 
Tanganyika form. T. beyachlagi Mull.> T. cardiniformis Kitch., T, trapeziformia 
Kitch., T. retroaa Kitch., T. apiaaicostata Kitch*., T. dvMa Kitch., T. recurva 
Kitch., T. remota Kitch., T. mamillata Kitch., a form generally resembling 
T. herzogi Hausm. and T. pulchra Kitch. A species of Seebachia, a South 
African Uitenhage genus, is another interesting member of this fauna. Other 
forms of common occurrence, some of them ranging into lower groups, are 

* A. B. Wynne Sec. XH, 126 (1879). 

* F.L. Kitchin, Pal. lad., Ser. IX, Vol. in. Ft. 2,106 and 108, (1900), Ibid., Ser. VI, 

Vol. Ill 815 (1870-71). 

* Pal, Ind., Ser. IX, Vol. HI, pt. 2, Appendix, 121. 

* Originally described as T. gibboaa. 
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Astarte major Sow., Oervilla anceps Desh., a species found also in Europe- 
Tanganyika, Zululand and Argentina, a peculiar Qryphaea intermediate in 
character between 0. vesicularis and G. dihtata, Ooniomya, etc. Dr. Spath notes 
the presence of Acanthothyris multistriata Eitch., a very large Chlamys or 
Aequipecten and many massive Cucullaea with examples indistinguii^able 
from C. kraussi Tate. More recently Dr. L. B. Cox has definitely identified 
Cucfdlaea (Megacuctdlaea) kraussi Tate., a form found in the Uitenhage 
of south Africa and the Tendaguru Necomian of Tanganyika^ C. (M.) eminens 
Doz. and Lifhophaga sp. 

A portion of the jaw of a sauropterygian, Thaumatosaurus indicus^ also obtained 
from these beds, it is said to be indistinguishable from that of Thaumatosaurus 
(Plesiosaurus) arcuatus Owen, from the Lower Lias of England.^ From the 
'basal 60 feet comes the coral Stylina.^ 

The plant remains of the Umia series and their relations have already been 
described in the chapter on the Oondwana system. They were at first thought to 
indicate an age equivalent to that of the Lower Oolites of Yorkshire, but later 
diagnoses have assigned them either to the uppermost Jurassic or the base of the 
Neocomian. 


KATHIAWAR AND BARODA. 

The so-called TTmia beds of Eathiwar contain no marine fossils and have been 
considered under the heading of Gondwana. The Songir sandstone of Baroda also 
finds mention there (p. 997.). 


RAJPUTANA. 

General Succession. —A few Jurassic fossils are reported to have been found 
by Sir H. Pottinger in the desert country immediately north of the Bann of Cutch 
but no stratigraphical details are available. Further north in the Jaisalmer 
State of Bajputana five distinct groups of rocks have been recognised and named 
•as follows. 

5. Abur Beds. Cretaceous (Aptian). 

4. Parihar Sandstones. Some part of the sequence. Upper Tithonian—^Neocomian. 

3. Bedesar Sandstones. Jurassic; Kimmeridgian-Tithonian. 

2. Jaisalmer Limestones. Jurassic; Upper Calloyian-Argoyian. 

1. Lathi series. Gondwana. 

The plant-bearing, fresh-water Lathi series, which belongs to the Gondwana 
system and may possibly trespass into the Jurassic, has already been described. 
This succession of ferruginous sandstones is overlain by four successive forma¬ 
tions, three of which must be considered here. 

Jaisalmer Limestone. —The Jaisalmer series is exposed around the town of 
Jaisalmer along the northwestern border of the Lathi outcrop and is followed 
further to the northwest, successively but irregularly, by the Bedesar (Bedesir; 
Bhadasar) series, the Parihar series, the Abur series and finally by the Num- 
mullite Limestone which unconformably overlaps the two last to rest upon the 
Bedesar sandstones. 

The Jaisalmer series, traversed by the Earkana nala^ a watercourse which has 
a length of 46 miles and is ultimately lost in a salt plain that becomes a shallow 


I B. Lydekker Bee. XXD, 49-61 (1889). 

*Baj Nath. Q. J. ^l. min. met. 8oe. Ind., Vol. IV, 176 (1933). 
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lake during the rain&i consists of thick bands oi buff-coloured compact limestbne,. 
interstratified with grey, brown and blackish sandstones containing some conglo¬ 
merate. The limestone forms conspicuous scarps close to the town of Jaisalmer 
and is highly fossiliferous. Amongst other species the following fossils are record¬ 
ed by Mr. B. D. Oldham: TereJbratula biplicata Sow., T. intermedia Sow., 
Phoiadomya granosa Sow,, Corbul alyrata Sow., C. pectinata Sow., Trigonia costata 
Sow,, NucviacuneiformisSovf.^Pecten lens Sow., and Paracenoceras (Nautilus) 
kumagunenses (Waag). Several cephalopod zones are present in the Jaisalmer 
limestones but have not yet been described i n detail. Among the ammonites Dr. 
Spath has identified the Cutch form, Idiocycloceras singulars Spath (identical with 
some of the specimens of Waggen’s Stepharocerasfissum though not with Sowerby's. 
type,‘ an indication of the presence of the Anceps beds of the Cutch succession. 
The same authority has also recognised Sindeites sindensis Spath (a species found 
also in Kenya), Reineckeia cf. reissi Stenim., Orossouvria steinmanni Par. & Bon., 
Obtusicostites sp., and a doubtful Properisphinctes aff. bernensis P. de Lor., from 
which the presence of both the Anceps and Athleta beds of the Chari series is- 
deduced. 3 A higher horizon is represented by some half-dozen badly preserved 
ammonites in a matrix of grey limestone with brown oolite grains. They includo 
perisphinctids of the Prososphinctes type, Torquatisphinctes (?) of the jelskii-gro\ip> 
and a doubtful, badly worn oppelid (?) Campylites. Such as it is, this meagre 
fauna is close to that of the Dhosa Oolite, but perhaps still closer to that of 
the Kantkot Sandstone (Upper Oxfordian). The Jaisalmer limestones, there¬ 
fore, would appear to embrace at least the Middle and Upper Chari and the* 
Kantkot Sandstone stages of Cutch.^ 

Bedesar Sandstones, —The Jaisalmer limestones are overlain by a group of 
pale purplish and reddish sandstones, with thin layers of black, vitreous, ferruginous 
sandstones, and some beds of a red, calcareous variety. The ferruginous bands 
form partings in the softer sandstone, seldom morp than |th inch thick and never 
exceeding a proportion of l/30th of the whole thickness of beds. The extreme 
hardness of the rock forming these bands makes it almost immune from the attacks 
of the weather and, wherever it occurs, its fragments thickly strew the ground 
and give the country a desolate aspect not unlike that of a cinder heap or of a 
recent lava flow on which vegetation has not had time to establish itself. The 
rocks of this series, the Bedesar Sandstones, form a prominent scarp 100 feet high, 
northwest of the Jaisalmer limestones outcrop, from which throughout part of 
the boundary they are separated by a fault.^ The red, calcareous sandstones 
contain fossils, some of which are said to resemble closely forms from the 
Katrol series of Cutch. Two ammonites collected by Mr. R. D. Oldham from 
a locality 2| miles northwest of Lodorva, a village eight miles northwest of 
Jaisalmer town, have been identified as Pachysphinctes aff. bathyplocus (Waag.> 
and Virgatosphindes sp., embedded in different matrices; from the scarp west 
of the village he collected also two examples of Virgatosphinctes aff., oppeli 
Spath, of typical Umia aspect and with the characteristic quartz pebbles in the 

1 B. D. Oldham. Bee. XIX, 168 (1886). 

* Pal. Ind. New Ser., Vol. IX, Mem. 2, 799 (1933). 

s Pal. Ind. New Ser., Vol. IX, Mem. 2, 800 (1933). 

* Br. M. B. Sahni and Mr. N. C. JBhatnagar have investigated a Callovian fauna from 
Jaisalmer, including the followiim: 

JnMmeriatayhri Sahni and Bhatnagar., J. deprusa Sahni and Bhatnamr., ? Kutehithyrw 
jaisahnermsis Sahni and Bhatnagar., Bemicidaris jaUalmerenais Sahni and Bhatnagar., 

(Ciurrent Science, Vol. 24, No. 6, June 1956; Bee. LXXXVIl, pt. 2, (1953). 

* T. H. D. Latouohe Mem. XXXV, Ft. 1, Map, (1902). 
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matrix. The Bedesar series, therefore, must be correlated with Umia ainmoiiite 
bed and probably includes at least the upper part of the Eatrol series. 

Parfhar Sandstones.—The Bedesar sandstones are in one section overlain hj, 
in another in faulted contact with, the Faiihair group of soft, whiter felspathic . 
sandstones, which weather into a clean, sugary sand largely composed of sub- 
angular fragments of transparent quartz. The Parihar hills are formed of a glassy, , 
quartzitic type of sandstone, rising from the plain flat country produced by the 
more easily weathered variety. The boundary with the subjacent Bedesar series 
is not very definite. Lithologically the Parihar series is said very closely to re¬ 
semble the Umia beds of Cutch, bnt no fossils of any kind have so far been reported, 
and to what extent this series bridges the gap between the Bedesar below and the 
Cretaceous Abur beds above, or to what part of the gap it belongs, it is impo^ble 
to say. 

An interesting feature in Rajputana and Idar, deserving of mention under the 
present heading, is the level line formed by the sununits of many of the ridges 
from Alwar in the northeast to Idar in the southwest. This level is highest to the 
west of the Ajabgarh valley and falls steadily to the north and east in the same 
direction as does the level of the plain but with a steeper gradient, so that the two 
levels approach one another. So distinct is this phenomenon that Dr. Heron 
finds it difficult not to believe that it is an ancient basedevel of denudation, up¬ 
raised and now being re-denuded to a new and lower base level. It is suggested 
that this old plane of erosion may represent the land surface at the time when 
the Jurassic and Nummulitic beds of Jaisalmer were being laid down.J In Idar 
this planing of the tops of the hills has been traced to a point 400 feet above the 
floor of the nearly horizontal Ahmednagar Sandstone, a fluviatile deposit of 
Lower Cretaceous age.* Among the hills which do not reach the height of this 
hypothetical plane there is no such regularity the crests being of all heights; 
though very many of the ridges attain this maximum none ever exceeds it. As 
Drs. Heron and Ghosh note, the peneplain is thus older than the Ahmednagar 
Sandstone by a space of time during which 400 feet of quartzites were eroded, 
but would still probably be Mesozoic in age. 

THE SALT RANGE. 

The Jurassic is represented in the western parts of the Salt Range, as well ag 
in its trans-Indus continuation, by a very varied and mingled g^oup of arenaceous 
argillaceous and calcareous rocks which, by their very liability to marked lateral 
changes in thickness and composition, preserve an individuality of aspect and can 
generally be recognised without difficulty. It may be divided into two mutually 
conformable stages, the Variegated stage below and the Baroch Limestones above, 
the two together constituting the lower half of Mr. Gee’s Isa Ehel formation** 
These Jurassic beds are not found in the easternmost three-quarters of the range. 

The Variegated beds first make their appearance in cliffs west of Jalar Lake, a 
little further west than the commencement of the Triassic Ceratite beds, extending 
along the southern escarpment of the Son-Sakesar basin where they are interrupted. 
by faults. They reappeS>r in the fine cliffs south of Sakesar summit, on the norihem 
slopes of which mountain they are also exposed. At a point southwest of Sakesar 
they have rapidly thickened to 300 feet and stretch thence northwestwards to 

1 Mem. XLV, 8 (1917). 

• Bee. 72, 404 (1937). 

* Hr. E B. Gee*s Kemoi ion the SaX Bangs (unpublished). 
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SiiijKxfaftd wHb s few interraptioiiealinig the nairew tbefange^iaereMiiig 

in thickness tn 600 fsst U the Nammai gorge and the^Tiedina hills; iw tiielattiv 
nrea the beds share the general oonbortion and disturbance. 

Wyane describes the lower part of the Jurassic formtica as coiudsfciiig of sttoBg 
bSadi of sofib, thick-bedded, feriupnous sandstones of red> ydlow oc vaiiegaM 
colour, alternatiag in places with Uyer-colouxed and grey ripple-marked varieties. 
Those are followed by thick, yellow, argmaoeous limestone, soft, rust-ooloured 
sandstones, grey gypseous and pyritous clays, and soft, powdery sandstonesli^:gely 
composed of white quarts and felspar grains in a white earthy or ohalk-like matrix. 
Among these beds are bands of haematite, several feet in thickness, and thinner 
layers of a ^'golden oolite” precisely similar to the Cutch rOok and the result of tho 
fonraginisation of an oolitic limestone. Thin layers and small patches of bright 
)ett5^ ooal Occur in places towards the base, but these are merely carbonised frag¬ 
ments of drift wood. 

The beds just described form part of Gee’s Variegated Beds, a composite stage 
of alternating shallow-water marine, estuarine or fresh-water, and terrestrial depo¬ 
sits, the base transgressing across the underlying dolomite and sandstones of the 
Trias. Gee gives the following section in the Nammai gorge as typical of the stage 
(private communication): 

Variegated sandstones and brownish grey shales ... 9 feet. 

Massive, yellowish, grey and fermginons sandstones . . 40 ,, 

Alternating ooaly shales and sandstones .... 4f „ 

Alternations of massive, soft, grey and brown sandstones, 
oarbonaoeouB and brownish shales, and hard, yellow cal¬ 
careous bands. 90 „ 

Brownish-grey, massive sandstones, alternating with subor¬ 
dinate shales . . 42 „ 

Bark red laterite.to 3 

Massive grey and oohreous, felspathio sandstones, alternating 
with grey and purplish shales, and including in the lower 
part of the sequence of 4*foot band of carbonaceous shale 
with layers of harder, yellowish-brown, calcareous sand¬ 
stones and impure limestones ..... 88 „ 

Yellow arenaceous limestone.2to 3 », 

Massive, ochroous, felspathio sandstones, and grey and pur¬ 
plish shales, the latter predominating and inoludix^ in the 
lower horizons a dark red laterite zone and two thin bands 

of coaly shales. 150 „ 

Massive, yellowish-grey, gritty sandstones containing small 
pebbles of quartzite, with carbonaceous and ochreous 
intercalations characterised by fossils wood and leaf 

impressions. 55 „ 

Sandy carbonaceous, grey and oohreous shales ... 8 „ 

Variegated sandstones and shales. 8 „ 

The intercalations of carbonaceous shale at several horizons contain carbonised 
fossil wood and leaf impressions of upper Gondwana type and are usually closely 
associated with soft, felspathic, white, grey, yellow and variegated sandstones; 
springs contaminated with sulphuretted hydrogen characterise the outcrops of 
some of these beds. In the Tredian hills the laterite horizons, relics of ancient 
soils, attain in some sections an individual thickness of at least 16 feet; here also 
hsrd, yellowish brown, arenaceous limestone bands containing a few brachipods 
form part of the sequence. 

The Baroch Limestones, indicating more settled marine conditions, are tlw 
from Sakesar to beyond Nammai, but thicken rapidly to about 220 feet opporite 
‘ Daud Khel. They are fine in texture, white grey and purplish in colour, with 
nnUMBouB bivalves, most of them ill preserved. 
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In the neighbourhood of Daud Khel the eroded Jurassics, upon which rest 
beds with Neocomian fossils, comprise limestones with Nerinea sp. and Rhyncha- 
nella resembling R, trilobita ; a little lower down the beds have yielded an Exogura 
comparable with E. lobcUa, and from a still lower horizon come 9>Tfigonia resen^l- 
ing a young T. costata and a Cerithium of Upper Jurassic aspect. A locality to the 
chouthwest of Sokan has yielded an assemblage of Tithonian aspect, including^ 

Ammo^ldea— 

Pronitceras indicum Spath, 

A periaphinotid (? Aulocoaphinciei), 

Bwnfordkeras aff. wallichi (Gray)^ 

M of. acuUcoaiaia (Uhlig), 

M of. boehmi (Uhlig), 

,, aff. laUdomus (Uhlig), 

Himala^tee of. seideli (Oppel), 

Neocostnoceras of. sayni (Sunion); 

Belemnoidea— 

Bekmonopais of. gerardi (Oppel) Uhligap. 

TRANS-INDUS CONTINUATION OF THE SALT RANGE. 

In the Trans-Indus extension of the Salt Bange the Jurassic is exposed in th© 
hills north of Ealabagh; and in a continuous outcrop for many miles along the 
southerly scarp of the Chichali or Maidan hills (Surgarh range). They are 
seen in the Chichali Pass, and extend round the curve of the range further to the 
south, than the Productus Limestone does, disappearing beneath the Tertiary 
rocks about six miles south of Mulla Khel. A small isolated exposure is found 
in the same range further south, opposite Sultan Khel, another larger outcrop at 
the southwestern end of the Khasor range, southeast of Paniala, and a third, close 
to the latter, in the Shekh Budin area of the Nila Eoh or Marwat range. 

On the west of the Indus the Jurassic rocks have increased greatly in thickness 
and here also can be divided into a lower arenaceous and an upper calcareous 
stage, the division being most clearly marked in the more westerly sections, es¬ 
pecially at Shekh Budin. Both divisions sometimes contain the characteristic 
golden oolite seen in the cis-Indus Salt Range, Cutch and the Jurassic rocks of 
Europe, The lower stage, which is thicker than it is on the east side of the river, 
is made np of the usual soft, variegated red, and white sandstones, grey shales with 
numerous obscure plant remains and partings of lignite and coal, and pyritous 
(alum) shales with subordinate bands of limestones and haematite. The few small 
seams of coal or lignite occur irregularly distributed in the lower division and have 
been exploited near Kalabagh, where there are three scams, of a hard, jetty lignite, 
having a large proportion of sulphurin the form of iron pyrites, and liable to sponta¬ 
neous combustion®. North of Kalabagh, this lower Variegated stage lies upon the 
Tria^ssic Kingriali dolomite. To the west and south, within the Maidan range the 
Variegated beds are also well exposed, with bands of dark red haematite shale, some 
of them as much as 30 feet in thickness; at Mulla Khel the beds pitch southwards 
beneath younger strata. Over a large part of the Khasor range, the stage is 
overlapped by Tertiary (Siwalik) beds, but reappears southwest of Bilot beneath 
the Siwalik unconformity and, if Wynne’s figure is correct, attains a maximum 
thickness of about 1,500 feet in the Shekh Budin area of the Khasor range. 

In the trans-Indus Maidan range, the Baroch limestones, are well developed 
north of Kalabagh and in the complicated Kutch area. At Chichali they have 
thickened to about 300 feet and, in the Baroch gorge at Mulla Khel, exhibit a 
fine section of 685 feet, forming part of the undisturbed western limb of the 


® L. P. Spath, Pal Ini,, New Ser. XXV, Hem. 1,124 (1939). 
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antiolinB occupying the range; in the latter area there is a gradual passage 
upwards of the Variegated beds into the Baroch stage^ the basal beds of which 
include an appreciable proportion of shale and sandstone. In the Khasor range the 
Baroch limestones are apparently overlapped by the Tertiaries (Siwaliks) except 
perhaps to the east of Faniala; in the hills of Shekh Budin they are said to be 
from 800 to 1,000 feet thick. 

With regard to fossils, Wynne mentions the occurrence of Belemnites and Ammo¬ 
nites, Pleurotomariay MytiUiSy Pecten^ Myacites, Nerinaea, Cerithiumy RhynchoneUay 
Oorbukiy Natica, Terebrathulay Pholadomyay Ostraeay Ooniomyay crinoids, corals and 
Echinus spines, but no Trigoniae. Some grey clays at Paniala yielded impressions 
somewhat resembling the pinnules of Ptilophyllum, Cephalopoda appear to be 
more plentiful in the fine section exposed in the Chichali Pass. A specimen of 
Bdemnopsis gerardi (Oppel) from Kalabagh is said to have been associated with 
numerous fragments of planulate ammonites and half a whorl of a cast resembling 
a Macfocephalus form. There appears to be no doubt that ^ferardt-like forms, 
possibly identical with Futterer’s Belemnopsis tanganensisy occur, together with 
Mdyaitcs and other Argovian ammonites, according to Dr. Spath who also records 
from Kalabagh Subkossmatia flemingi Spath, an ammonite which, though not 
found in Cutch, indicates a zone equivalent to that of the Anceps beds^. 
Some unlabelled fossils which, there seems little doubt, come from the Chichali 
Pass, have been identified by Dr. Spath as Indocephulites aff. transitorius Spath, 
Indocephalites four Pleurocephalites habyensis Spath and allies, and one 
Kamptokephalites cf. magnumhilicatus (Wagg.) indistinguishable from example 
£r(ym Jumara in Cutch. These specimens occur in the yellow and crimson matrix 
80 characteristic of the ferruginous Macrocephalus beds of Cutch, a resemblance 
which at first caused them to be mistaken for Cutch fossils. Prom the Chichali 
Pass also Dr. Spath has recently recognised Virgatosphinctes broilii Uhlig, and a 
species which appears to belong to a Callovian Putealiceran* derived probably from 
the Baroch Limestone. Prom Makarwal—and probably from this limestone come 
Bubertoceras spp., Obtusicostites sp. and Kinkeliniceras sp., forms which are definite¬ 
ly Upper Callovian^. The same limestone north of Cutch has yielded Hibolite 
pistilliformis. 

Some fossils collected near Shekh Budin belong, according to Mr. Tipper, to a 
Liassic fauna comparable in every respect with that so well developed in Baluchis¬ 
tan; they include two species of HarpoceraSy Pecten sp., Lima sp., Thracia 
and others, specifically identical with Baluchistan forms*. The presence 
here of the Lias has been recently confirmed by the discovery of a species of Bou- 
leiceras of the group B. nitescens Thev., characteristics of the very base 
of the Upper Lias.* From the Baroch Limestone at Shekh Budin come two 
brachiopods very closely related to the Burmirhynchia of the Namyau beds of 
Burma, and indicating probably a Callovian age; these have been named by 
Dr. M. R. Sahni; Rhynchonella (Daghanirhynchia) coulsoni and R. (D.) peau-* 
snsis. In this exposure the limestone is overlain by yellowish green 
glauconitic sandstone, of which the lower 500 feet contain large, imperfectly 
preserved belemnites while the upper part has yielded terebratulids below 

• Pal, Ind., Now Ser., Vol. IX,. Mem. 2, 802 (1933). 

» Pal. Ind.y New Ser., XXV, Mem. 1, 131 (1989). 

• Ibid., (121J. 

« Rec., XLn 68 (1912). 

• Rep. Ree. 72, 74 (1937), 
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and ammonites and belemnites above. The brachiopods which indicate an 
Oxfordian-Eimeridgian age, have been deterinined by M. B. Sahni as follows^:— 

Braohiopoda— 

Zeitleria {Omiihella) couUoni Sahni, 

„ „ depresaa Sahni, 

,, „ iniiica Sahni, 

„ „ pard^enalia Sahni, 

„ „ ovalia Sahni. 

Kingena punjabica Sahni, 

'TerebratuUi' bannuensia Sahni, 

Bhynehonella (Daghanirhynchia) pezvenaia Sahni. 

If the Shekh Budin outcrop is an undisturbed stratigraphical succession, the 
glauconitic sandstones overlying the Baroch Limestone cannot be the same 
as and must not be confused with the Cretaceous sequence which succeeds the 
Baroch stage elsewhere, but represents higher horizons of the Jurassic not present 
in other sections. 

Beviewing the Jurassic of the Salt Bange and its trans-Indus extension as a 
whole, we find definite evidence of the presence of the lower part of the Chari 
series (Middle and Upper Macrocephalus Beds and the Anceps stage which has been 
equated with the top of the Bathonian plus the Callovian and possibly of the 
Lias; in addition there is an Oxfordian-Kimmeridgian horizon at Shekh Budin, and 
a Tithonian at Sokan. Several ammonites found in the overlying Cretaceous beds 
Valanginian and Infra-Valanginian) appear to have been derived from the Spiti 
Shales, and Dr. Spath concludes that the lower beds of the Spiti Shales were once 
continuous from the Himalaya, through Hazara and Attock, into Waziristan and 
Baluchistan, the facies being identical throughout*. 

BALUCHISTAN. 

Position and Distribution. —Fifty or sixty miles southwest of the Shekh Budin 
area of the Northwest Frontier Province, a large outcrop of rocks believed to be 
of Jurassic age encloses the Takht-i-Sulaiman (11,295 ft.), a mountain lying within 
the borders of Afghanistan. To the south of Fort Sandeman, other isolated out¬ 
crops make their appearance from beneath the mantle of Cretaceous which covers 
most of Zhob and much of Loralai. The strike of these several outcrops swings 
round with the hill ranges to the Quetta-Pishin syntaxis, whence a broad belt of 
more or less interrupted Jurassic exposures stretches southwards down the eastern 
portion of Kalat State (Sarawan, Jhalawan and Las Bela divisions) to within 
45 miles of Karachi; the southern end of this belt is some 165 miles northwest of 
the nearest Jurassic exposures in Cutch. East of Eala both Jurassic and Creta¬ 
ceous exposures are largely concealed beneath a vast plateau of Eocene limestone. 

The eastern parts of Baluchistan are characterised by a great sequence of 
limestones belonging to several successive geological formations of which the 
Jurassic is one. To their competence is largely due the fact that the rocks here 
have not suffered the sharp flexuring of the western ‘‘flysch region” but have risen 
in large dome-shaped bulges often several miles across*. These limestone 
rocks range from Carboniferous to Pliocene, the Jurassic being particularly 
massive, dominating the physiography of the area and building up the 
most massive of the mountains. In the majority of cases the Jurassic 
rocks make their appearance as inliers in the Cretaceous. Around each 
roughly elliptic exposure of Jurassic, there is typically a ring of less lofty but 
steep ridges made up of regularly bedded Cretaceous limestones whose aggregate 
thiclmess is always much less than that of the older formation the clear 

* Pal. Ind., New Ser., Vol. XXVH, Mem^ 1(1939)! ' 

* Pal Ind., New Ser., XXV, Mem. 1,131 (1939). 

* E. Vfedenburg. Bee. XXXVIII, 190-1 (1909). 
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white or red colour of these concentric younger beds contrasts noticeably with the 
dark tinge of the central Jurassic., Occasionally the structure is more disturbed. 
The well known mountain of Takatu near Quetta, for instance, one of a main line 
of peaks with a scarped face to the southeast and a northwesterly dip slope, is 
composed of massive Jurassic limestone which has been thrust southeastwards 
over the Cretaceous rocks of the lower ranges^. Along the synclinal valleys 
which normally intervene between the lines of domes the main channels of 
drainage have established themselves, and the whole region exhibits that marked 
parallelism between topographical features and geological strike, and that coin* 
cidence of hills with anticlines on the one hand and of valleys with synclines on 
the other, which are such typical characteristics of a region with a scanty rain* 
fall—^in the present case, ranging from five to ten inches annually. 

In the Ealiphat, a high range to the north of Shahrig rising 10,000 feet and 
ujiwards above sea level, there can be seen a more or less complete section com¬ 
prising massive Jurassic limestone below, followed by the Cretaceous and capped 
by Nummulitic limestone. Three thousand feet of Jurassic strata are exposed in 
the Pil range, west of Ziarat. In the Wat Pass over the high range which sepa¬ 
rates the Luni plain from Zhob territory there are quite 2,000 feet, but the base 
is Bot exposed We*. Elsewhere the Jurassic sequence is spoken of as consisting 
of thousands of feet of limestone. In nearly all cases the base of the Jurassic is 
not exposed; in parts of the country between the town of Ealat and Ehwaja 
Amran in the west of the Quetta-Pishin district, however, the Jurassic massive 
limestone rests with a marked unconformity upon dark shales which were at first 
thought to be the Eojak Shales (Oilgocene) but which are more probably of 
Triassic age (see page 902)*. * 

Subdirision and Relationships.—The JurrassicofBaluchistan consists of two 
portions, a younger, of Middle Jurassic age, made up of dark grey, extremely thick 
bedded limestones, and an older, Liassic in age, which is of a still darker grey, 
almost black, with less massive layers, and very distinctly bedded. The Chehiltan 
hills and the Eoh-i-Maran in Sarawan are built up of the former while the older 
beds have produced the hills of Anjira and Sumbaji and in Jhalawan. The 
Cretaceous limestones rest sometimes on the Middle Jurassic, sometimes on the 
Lias. This unconformity and that which is seen higher up, in the middle of the 
Cretaceous system, account for variations in the geological sections at different 
{daces and bear witness, not only to irregular denudation during the continental 
periods, but also to the fact that the subsequent encroachment of the sea was not 
simultaneous over the whole area. In this way formations represented by thou¬ 
sands of feet in one section may be feebly developed or completely absent at no 
great distance away, conditions which Yredenburg evidently regarded as not to 
any considerable extent the result of folding and thrusting. 

The principal exposures of the Lias in Sarawan are to be found in the under- 
soarp of the Chehiltan range, in the ranges enclosing the Manguchar and Shirinab 
vallqr both to the east and west, and in the Siah range west of Ealat. In Jhalawan 
the huge anticlinal domes consist mostly of Liassic beds. The principal ones are 
the eastern spurs of the Mulki and Palki, the southern continuation of these ranges 
forming the lofty hills of Belau, Hazar Heshi, Chilad, and other unnamed masses 
rising in the angle between the upper and lower Mula valleys^ the enormous anti* 
oliniS domes of Zardak and Sumbaji to the southwest of Earn, several massive 
domes south of Zahri, the unnamed domes southwest of SJioz^r and north of 


^ 9m. 17 (ISQMOOa). 

• Bte. XXVm, 118 (1685). 

• See. XXX, (1587). 
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Zidt, Md tke toll massiTe raages east of the Porali. The l^t menticmed Mfiges 
oo&tinue into Las Bela territory east of the plain of Las Bela. 

The Lias i&f described by Vredenburg as consisting of dark grey, almost black, 
regularly stratified limestones, several ^onsand feet thick sometimes interbedded 
with daijk, richly fossiliferous, calcareous shales. 

The ^vision into Lower, Middle and Upper Lias, suggested by a study of the 
deposits in the field, have been fully borne out by an examination of the fossils; 
most of these come from the States of Ealat and Las Bela, but some were collected 
from the vicinity of Takatu. The Lower and Upper divisions are but poorly 
developed, while the Middle Lias includes almost all the exposures examined in 
Sarawan, Jhalawan and Las Bela. 

The Lower Lias occurs in the form of crinoidal limestones and shaly beds in 
the Shirinab valley, south of Mastung, in Sarawan. The presence of an ammonite 
allied to the European Arietites hismactus Brug. proves the presence of the lower¬ 
most zone of the sub-division. Other fossils are by no means well preserved, and 
their afiBnities cannot be made out with satisfaction^. Incidentally the Lower 
Lias has been identified in the Persian Makran. 

The Middle Lias includes the black limestones of Takatu, oolitic limestone 
and shales of Sarawan and northern Jhalawan, and black shales and limestones 
of southern Jhalawan and Las Bela, three areas which show some faunistic differ¬ 
ences perhaps more apparent than real. In the rich and interesting fauna of the 
Middle Lias, ammonites are unfortunately very rare, and exact correlation is a 
matter of difficulty. 

According to Mr. Tipper the Takatu area has yielded a fauna rich in number 
but poor in species. Among the collections of brachiopods are several specimens 
of Spififerina rostrata Schloth., nearly a thousand specimens of a new species of 
the same genus, showing considerable variation in character, several specimens 
of the European RhynchoneUa tetrahedra Sow., examples of TerebraVula synophrys 
Uhlig., and its two varietiespocAeta Uhl., enipolyptycha del Piaz., and in consider¬ 
able numbers a species of Eitdesia, a genus not usually found below the Inferior 
Oolite. Of the lamellibranchs the commonest genus is that of Pecten, including 
a species related to Pecten (Aequipecten) aequivalvis Sow., and another to Pecten 
(Entclium) heUii d’Orb. 

Of the rich and varied Middle Liassic fauna of the Sarawan and northern Jhala¬ 
wan area a full report is not available. No ammonites have been discovered. 
Eudesia is represented by a species different from that of the Takatu area, and 
Pecten by a very peculiar spiny species, somewhat resembling the South American 
Liassic P. alatus v. Buch, and so striking in appearance that it is worn as a charm 
by the inhabitants of Jhalawan. Spirtferina disterfanoi del. Piaz., found in this 
locality is a species with a high triangular area and peculiar ornamentation and 
probably deserves a subgeneric rank. The occurrence of a new genus of echinoida 
is also of interest. 

The Porali river area in southern Jhalawan and Las Bela is particularly in¬ 
teresting, not only on account of the excellent preservation and number of the 
fossils, but also because many of them resemble closely Middle Liassic fossils from 
Madagascar. The Malagassy forms, Pecten ambongoensis Thev., Spirtferina ros- 
trata, var., madagascariinsis Thev., and the rare and peculiar ammonite genua 


^ Ric. XXVIII, 26 (1909). 
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BauhioeroBf can all be maiobed from the Porali river collection which has jrislded 
a fauna vei^ simihtr to the Domerian-Toarcian fauna of southern Europe, com* 

E ' * gi^: BimhioeruB niteseens Thev., associated with species of Phylhceroi, 
iphyUitei, Lytooeras, Fucinicerast ProtogrammoceroB^ Polypht^, Dactylio 
eeroB, PorpoceraB^ and a species of a new genus^ Sphenarpites hawhinsi Spath*. 
Dr. Spath remarks that, with the exception of an entirely news phenodiscoid, also 
^found with the above, the assemblage might have come from the Appennines 
or from Sicily. The lamellibranch related to Pecten atn&on^oenm belongs 
to the same class as, and is closely related to the Pecten mentioned above 
from the more northern area ; a distortion of the left valve is thought by Tipper 
to have been caused by fi^cation during part of the life of the animal. Other 
members of this assemblage are Lima cf. punctata Sow., £. {Plagiostoma) 
gigantee Sow., and Pholadomya cf. idea d’Orb. 

The Upper Lias has been found in the black shales of the Natrani river and 
has yielded a rich though not very well preserved ammonite fauna, including the 
following typical Upper Liassic forms: Earpoceras cf. serpentinumf dactylioceraB 
cf. annulatum, Hildoceras sp., and Oxynotoceras sp. The onlv other fossil 
associated with the ammonites is a graceful, ribbed Spiriferina, wnich occurs in 
large numbers. These fossils were all collected from one gentle dip slope, so that 
the whole of the Upper Lias is here crowded into a thin band of shale. 

BaJociBn and Bathonian.-— Of the higher Jurassic the youngest strata contain a 
Callovian fauna. Between them and the Lias come several thousand feet of 
massive, grey limestones which from their position, have been assumed by Yreden- 
burg to represent the Bajocian and Bathoman. The principal exposures of these 
massive beds are in the Chehiltan range, the ranges east of the Mastung valley, 
the £oh*i-Maran, most of the hills bordering the Bolan district, some ranges 
west of Shekran, and some hills near Wad. 

CaUoyian of Mazar Drik. —The beds with the Callovian fauna consist of 
alternations of rather thin-bedded limestones and shales,’ and are exposed in the 
core of the ? Morad (Morau) anticline, north of the plain of Narmuk in Sarawan, 
and in the Sembar Pass, Sibi district. From the Mazar Drik anticline in the Mari 
hills comes the '^Mazar Drik fauna”, which, according to Noetling, includes the 
two European brachiopods, Terebratula ventricosa Ziet., and Rhynchonella pUcatel^ 
Sow., as well as undetermined species of Lima, OervilUa, Pholadomya and Pleuroto- 
maria. The ammonities, as revised by Dr. Spath, comprise: Oppelia baluchistan- 
cfim Spath, Kheraiceras quenstedti (Boem), Dolikephalites praetransiens Spath (an 
almost perfect homoeomorph of the Argovian Epmayaites transiens, a simulation 
responsible largely for a misinterpretation of the age of the beds), D. aS. prcetran- 
sienB, MaerocephaliteB sp. juv. aS.formosus (Sow) (the M. opis. (Sow.) of Noetling), 
Indocephalites dubiuB Spath, /. aff. gibhoBus Spath,’ MaerocephaliteB madagoBcari- 
anciB Lem. (a Malagassv form), J)olihephaliteB perlamellosuB Spath, PleurocephalUeB 
Bp. {habyensiB group) {one of the specimens named by Noetling MacrooepJuMitB 
grantanum (Oppel), Choffatia balinenBiB (Neum.) (a Gutch form), C. hwiehiB^ 
anenBBB (Noetl) (another (hitch form), C. aS. balinenBiB (Neum)., C. aff. recuptrai 

^ L. F. Spath. Aim. 8. Apr. Mu$., XXL pt. rii. No. 16, p. 272 (1921); also M. M., New 
Sir., Vol. xxn, Itoii. 2,18 (1986). 

’ Ann. Mag. m. Ser. X Vol. XVn, 641 (1986). 

’ The sD-ouled ^TolyphemiiiB h^*’. 
s Xhti b Noeilii^s'^iraerpMjMGss poi^p8ciiiiM 
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(Gemm.) and Indosphinetes a£E. errant Spath. This fauna is believed to be a uni¬ 
form fauna of Macrocephalus age, and closelv allied to that of the corresponding 
beds in Gutch. Nearly all the Mazar Drik fossils are deformed by pressure* 
Noetling identified three species of Nautilus, of which two are Nautilus (Pofa- 
cenoceras) wandaensis (Waag.) and N. {Procymatoceras ?) intumescens (Waag.) 
both of them Gutch forms; the third, **Nautilus giganteus'* d ’Orb. was also thought 
to be a Gutch form, but the Gutch specimens have been allotted to different spe¬ 
cies by Spath who remarks that the Baluchistan example appears to be close, 
to Dacque’s N. ennianus. 

Tithonian.—Fragments of Virgoitosphinctes denseplicatus (Wagg.) from the 
Windar river, opposite the Gash Pass in Las Bela State, Baluchistan, indicate 
the presence in that locality of the Tithonian or Lower Umiai.^ Ammonites and 
molluscs of Bajocian age have been collected by Tipper in eastern Persia*. 

THE SULAIMAN RANGE. 

The meridional Sulaiman range, forming the boundary between the nor¬ 
thern end of Baluchistan (Zhob) and the southern branch of Waziristan, consists 
throughout many miles of its length, of two parallel ridges united by an inter¬ 
vening tableland. The highest point of the western ridge is Eaisarghar (11,326 
feet), that of the eastern ridge the well known Takht-i-Sulaiman (11,100 feet). 
The range is traversed by the Zao, Toi, Lohara and other wateroourses, in wild, 
and gloomy defiles or dhanas which are so narrow and precipitous that the sky 
is sometimes invisible from the bottom, the walls of rock rising sheer for several 
thousand feet. The gorge of the Lohara or Draband immediately beneath the 
Eaisargarh peak, is the well known **6ut”, and is the deepest and narrowest of 
these extraordinary waterways. 

The axial portion of the range is occupied by rocks referred to the Jurassic 
system, exposed along the core of a large anticline. These are overlain by Creta¬ 
ceous beds which, along the eastern side, are followed by successive belts of Num- 
mulitic and Siwalik Tertiaries occupying the foot hills fronting the Indus plains. 

The lowest beds exposed are seen only in the deep ravines and are reminiscent 
of the Spiti Shales of the Himalaya.* They consist of black or dark 
grey, crumbling shales, often nodular; in the south opposite Dera Ghazi S^n, 
they are described as calcareous, in the north they are traversed by numerous 
veins of calcite. These beds form the core of the fold where, in the Takht-i- 
Sulaiman area, they are squeezed into a vertical position. They pass up into 
grey, even-textured, marly shales, with thin irregular beds of sandy or shaly 
limestone, sandstone and ferruginous shales. The sequence so far detailed 
constitutes the lower stage of Dr. Blanford, of which about 1,000 feet are exposed 
in the south without the base being visibles. ^ The limestones of this section are 
described as abounding in indistinct fossils, especially in forminifera, and the 
underlying shales have yielded two species of JExogyra, one or two of Inoceramus 
and a transversely ribbed ammonite-like cephalopod. The most characteristio 
fossil is an Inoceramus, the valves of which are often found together, though 
wide open, and are sometimes six inches across. The supposed resemblance 


i L. F. I^th. Pal. Ind., New Ser., Vol. IX, Mem. 2, Pt. 4, 535 (1931). 

> Fee. Un, 58 (1921). Pal Ind., New Ser., Vol. XXH, Mem., 2,1 and 3 (1936). 
• Griesbaoh. Fee. XVH, 184 (1884). 

« Jfem. XX, 146 (1883). 
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of the two Exogyiae to Middle Oretaceoue forms was partly responsible for tb4 
beds being assigned at first to that system* In the more northerly paits the lower 
etage was r^ognised on both sides of the anticline. 

Kezt» in aj^arently conformable succession, oome the beds of Dr. Blanford’i 
upper stage, which occupies a coninderable proportion of the eastern slope of the 
Sulaiman range and has yielded no fossils. In the south these beds consist of 
about 1,500 feet of sandstones and grits made conspicuous by their hardness and, 
by their colour which is generally pale, not infrequently speakled with brown 
occasionally ^eenish or purplish; these appear to be the highest Mesozoic rocks 
exposed in tins portion of the range. In the northern section the shales and thin 
lim^tones described above pass up on both sides of the anticline into coarse brown 
aandstones and grits with ferruginous concretionary partings. These a re succeeded 
by beds which gradually become fine-grained and even-bedded, consisting mostly 
of a light brown or speckled quartz sandstone with a calcareous bed occasionally 
intercalated; towards the top the limestone beds become more frequent, are seen, 
to contain corals, and have yielded a few fragments of strongly ribbed ammonites. 
Oiiesbach estimated the thickness of this stage in the Takht-i-Sulaiman area at 
not less than 800 to 1,000 feet. It should be stated that this sandstone and grit 
stage has many points of resemblance with the main sandstone formation of the 
Sam&na range from the top of which Albian fossils have been obtained; this sand¬ 
stone and grit stage and all the other presumed Mesozoic rocks of the Sulaiman 
area, both above it and below, were originally mapped as Cretaceous by Blan- 
ford,6riesbach and La Touche, though the second observer expressed the opinion 
that the lowest beds of all might be Jurassic. 

In the northern area the sandstone group is overlain, at any rate on the eastern 
side of the anticline, by 50 to 100 feet of yellowish brown earthy shales and clays 
which are of much economic importance in that they form the underground floor 
of the local and extremely scanty water supply. The position of this band also 
coincides with a decided change in lithology, for, above it comes a great thick¬ 
ness not less than 4,000 feet in the Toi ravine and exceeding 5,000 feet in the Zao 
river, of an intensly hard, compact, massive and very homogeneous limestone 
with scarcely any bedding planes.^ The lower portion of this limestone is almost 
black and emits a slightly fetid odour when struck; in it are a few sections of corals 
and gastropods. Higher up it becomes lighter in colour and contains more coarls. 
In the Toi it is seen dipping to the east at about 30^ in the Zao river it is approxi¬ 
mately vertical. Along the greater part of its eastern outcrop the limestone 
is overlain by belemnite shales of Cretaceous age ; northwards, however, the latter 
appear to be overlapped by Eocene shales. There is much in favour of the view 
that this massive limestone is the equivalent of the Middle Jurassic of the Quetta 
neighbourhood and elsewhere. 

SOUTHERN wAZIRISTAN. 

Across the Takhi Zam in Southern Waziristan and partly covered by the allu¬ 
vial deposits of the Eaniguiam plain, stretches a broad belt of rocks including a 
black umestone which, in the opinion of Dr. Muray Stuart, bears a distinct 
resemblance to the lower portions of the massive Jurassic limestone of the Sulai- 
man range 80 nules to the south. This formation, to which the name of the Janjal 


La Touche. Ree. ZZYI, 77 (1893); Crieshaoh. iBee. XVll, 165 (IS64). 
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Plant series has been given, begins with a lower portion of unfossiliferous red 
shales and siliceous limestones, weathering into a succession of knife-edge ridge» 
End all dipping at steep angles in a W.N.W. direction; their eastern boundary^ 
is a fault bringing the beds into contact with Neocomian strata. Above tSie lower 
comes the main portion of the series, in the form of dark blue shales and subordi*^ 
nate black or deep blue limestones, with occasional black, slaty, pencil shales. 
The limestones and blue shales are full of carbonaceous markings thought 
to be the impressions of sea-weed, none of which is determinable.' The 
higher portion of the series, as far as it has been followed, is more arenaceous; 
the brown sandstones and occasional quartzites, of which it is composed, have 
yielded no fossils, but their weathered surfaces show markings very similar to the 
so-called fucoid markings that occur on the Pab sandstones of Cretaceous age.. 
The upper boundary of this series has not been inspected and there is consider¬ 
able doubt as to its age. Whether it forms part of the Gondwana sequence cannot 
be known until recognisable plants have been found. 

Dr. Coulson has found that a very large area in Southern Waziristan is 
covered by a series of limestones and shales representing the greater part of the 
Janjal Plant beds, which extend into Zhob. The upper part of this formation 
has been recognised near Mangora Sar and Bobalai, and also near Razani in 
North Waziristan. A massive limestone occupies Bobai hill, crop- 
ping out in the centre of an anticline and overlain by shales which may belong 
to the lower horizons of the Janjal Plant series, is probably the equivalent of the 
Middle Jurassic limestone in the Takht-i-Sulaiman to the south and the Shekh 
Budin limestone (Baroch Limestone) to the north; the same limestone is seen 
east of Miram Shah forming the Zer Ghar. Both these limestones are more bitu¬ 
minous than that at Shekh Budin. 

The Spiti Shales (Tithonian ; see p. 1170) are well developed at Dargai Oba where 
though phyllitic, they are less disturbed than they are near Ladha ; in the latter 
locality they have yielded a species of Virgatosphinctes of the group ofF. 
denseplicatus Wagg., a form typical of the Spiti Shales. West and south of 
Wana these shales are distinclty schistose throughout the greater part of the- 
outcrop*. 

TOCHI VALLEY. 

Some 30 miles to the north of the last mentioned locality, in the Tochi valley 
of Northern Waziristan, the N.-S. anticlinal ridge between Idak and Miran Shah 
is composed of Lower Eocene rocks along the flanks and a thick core of massive, 
dark grey limestone, which may be the equivalent of the Middle Jurassic lime¬ 
stone of Baluchistan, but in which no fossils have so far been discovered*. 

NORTHERN KOHAT. 

Some 60 miles northeast of the last mentioned locality and 40 miles north of 
the Chichali (Maidan) range, the Jurassic is again exposed in the Samana range 
along the northern border of the Eohat district, half-way between the towns of 
Eohat and Thai, where it is the lowest formation seen at the core of an E.-W. 
anticline. Its beds can be divided into two portions, an older and a younger. 
The older is best seen at the extreme western end of the range, and is made up of 


1 Murray Stuart. Bee. LlV, 90, (1922). 

« Qen. Bep. Bee. 72, 24-26 (1937); 73, Ibid., 84 (1938). 
< Bee. XXVIII, 109 (1896). 
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reddish sandstones, with bands of shale and shaly limestone, containing sections 
of biachiopod shells, and, in places, remains of Ostraea ^; a small brachiopod 
from sfme pale greenish shales near the top has been identified by Miss Muir-Wood 
as RhynchoneUmdea arcmta (Quenst.), a form found at the base of the Gallovian 
in Germany and similar to RhynchoneUa varians MlllI, which has been recognised 
among other places, in the Bathonian or Callovian of Dar-es-Salam in East Africa. 
On tUs scanty evidence the older portion of the Samana Jurassic would appear 
to belong to the uppermost Bathonian or possibly early Callovian. 

Above these lower beds lies the younger portion, consisting of 400-500 feet of 
dark, grey, almost black limestone, with traces of unextractable ammonites, bele- 
mnites of both hastate and lanceolate varieties, sections of large brachipods, 
«nd many fragmentary crinoid remains among which Penfocnnus can be recognised.* 
This limestone, which occupies more or less the stratigraphical position of the Spiti 
Shales, is darker than younger limestones in the Samana succession, and is further 
distinguishable therefrom by its generally coarse, almost granular texture; the 
organic remains are especially noticeable among its upper layers. It forms escarp¬ 
ments in the lower parts of the valleys eroded into the southern flanks of the range, 
end has produced the great precipitously-placed rock platform, known as the 
Samana Suk, at the western end of the range, which played such a prominent part 
in the battle of Dargai in 1897. 

PESHAWAR DISTRICT. 

Limestone, believed to be of Jurassic age, crops out near Mir Kalan and to the 
north of Jalala Sar in Peshawar*. 

BARA VALLEY, TIRAH. 

South of the Safed Eoh and its eastern continuation the Morga range, and 
between it and the Samana range, a belt of country, some 30 miles wide, made 
up of alternating E.-W. ranges and valleys, is occupied largely by Mesozoic rocks 
which have been thrown into inverted folds and crop out in steep scarps facing south 
and more or less gentle dip slopes in a northerly direction. The crumpling and 
disturbance, as well as the lack of fossils make the establishment of the geological 
sequence difficult. These Mesozoic rocks, comprising Trias, Jurassic and Cre¬ 
taceous, occupy by far the greater part of the belt and are cut off from the older 
rocks to the north by the great fault mentioned previously (p. 901). From Hay¬ 
den’s text most of the rocks south of the band of Trias which adjoins the faidt 
belong to the Cretaceous and, in fact, no Jurassic fossils seem to have been obtained. 
TotheBheetic formation, however, Hayden assigns a series of crushed red shales 
uikl overlying grey limestones which occupy the high range to the south of the 
narrow trough eroded by the Bara river out of the soft Triassic shales and grits*. 
These beds, well exposed in an arrow defile of the Bara river between Mir Khan 
«nd Dwatowi are overlain by the Triassic beds to the north, and brought into 
abrupt contact with younger Jurassic and Cretaceous rocks to the south; like 
the latter they are bent into steep anticlines and synclines and locally faulted. 

1 H. H. Hayden. Mem. XXVm, 102 (189$). 

* Col. L. H. Davies, Pal. Ind., New Ser., Vol. XV, Pt. 1, pp. 5-6 (1930). 

• Nee. 73,84 (1038). 

« Mem. XXVm, 104-107 (1898). 
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The.dark, grey massive limestone, not less than 2,000 feet thick, with its occasional 
narrow bands of carbonaceous shale, becomes somewhat arenaceous tdwarda 
the base and passes gradually down into the red shales; no recognisable fossila 
have been obtained from these beds. 

SPITI, 6ARHWAL AND KUMAON. 

Kioto Limestone.—The Jurassic rocks of the Himalaya have long been known 
by their fossils, which had acquired a sacred character and become objects of 
commerce. As we have seen, the homogeneous mass of grey limestone's and 
dolomites known as Kioto Limestone, and sometimes referred to as the Megalodon 
Limestone, must include, not only the equivalents of the Noric and Rhsetic 
Dachsteinkalk of the Eastern Alps, but also of the Lias and of the Lower and 
Middle Oolites. No Rhrotic types appear to have been found in this section of 
the Himalaya, and the presence of this series is tentatively inferred merely from 
the uninterrupted sequence, with no trace of unconformity, seen in the largely 
inaccessible precipices of this limestone formation, in which occasional fossil levels 
occur. From one of these horizons, 800 feet above the base of the Limestone or 
top of the Middle Noric Quartzite, specimens of Spiriferina cf. obtvsa 0pp. have 
been collected between Giumal and Chabrang in Spiti, and probably indicate a 
Liassic age^. About 1,000 feet above this horizon, and some 370 feet below the 
top of the limestone, another fossil layer near Giumal has yielded an ammonite 
which was originally described as identical with or very nearly allied to Stepheno- 
ceras coronatvm Brug., a Middle Oolite species; Dr. Spath, however, believes 
the specimen to consist of the inner whorls of some macrocephalitids, such as 
Kamptokephalites {dimerus group) or pleurccephalites (halyensis group), indicating 
a late Bathonian or early Callovian age®. 

In Painkhanda, Johar and Byans the Kioto Limestone, although exhibiting 
occasional sections of some species of M ^yoilodon even in its topmost layers, must 
be regarded as astride approximately the same geological limits as it is in Spiti. 
There is a decrease in thickness from about 2,300 feet in Spiti to 1,930 or 2,130 
feet in Painkhanda, and thence to 1,600 feet in Byans. 

Between Kungribingri and Laptal in northwest Kumaon Messrs. Heim and 
Qansser have recognised Liassic horizons (‘^Laptal series”), extending probably 
over Painkhanda into Spiti; they are described as of shallow-'water, marine type, 
gome 60-80 metres thick and characterised by repeated layers of shell agglo¬ 
merate including specimens of Osiracay Area, Pecten, Lima, Astarie, Trigonia and 
BeUmnitea^ 


Beds between the Kioto Limestone and Spiti Shales, inclnding the 
Snlcacutus Beds. —In the Shalshal section of Painkhanda the uppermost 130 feet 
or so ofthe Kioto formation consist of earthy, thin-bedded limestones and marls, 
which act as passage beds up into another well known sub-division, the Spiti Shales 
Both in Spiti and Painkhanda these passage beds have yielded many fossils which do 


1 0. Diener. Mem, XXXVl, 302 (1912). 

» Pal. Ind., New Ser., Vol. IX, Mem. 2. Pt. 6, 8(H (1927). 

* Denkachr. d, Schweiz Naturf. Qesells., Bd. LXXIII, 209 (1939). 
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not appear to bave been deeoribai. In tbe Sbalsbal oM the folloiring soeoeeiion 
lute bron made ont: 
fipiU SWes-. 

6. Suloaoutus beds.a a « 6 feet 

6. Yellowish grey, earthy limestonee and marls, with Mffncho* 

neUa sp. . 4 „ 

4. Thin-bedded,yellowiah grey limestones, with Bslemmtos sp., 

Ostfoea sp. and Pecten sp. 20 „ 

3. Lithodendron limestone wh oriaoid stems 100 „ 

2. Thin-bedded limestones with many liiassio bivalves 2 or 3 J 

1. Well bedded limestone • . • ^ . 1,800-^2,000 „ 

1,030—2,130 feet. 

Bed No. 2 is said to contain many bivalves with Liassic affinities, but no record 
of the fauna seems to have been published. The ferruginous oolites and pisolites 
of the Sulcacutus beds, so named after their most characteristic fossil, Bekmnitea 
{Discoelites) sulcacutus (F. E. Suess), occurring at the base of the Spiti Shales, 
constitute a very constant horizon of Callovian age in the Himalayan Mesozoic from 
Spiti to Byans. From these beds are recorded species of M acrocephaliteSy Sphaero- 
4xras {S. dieneri Suess), Kepplerites and Rhynchonella sp. (lacunosa group, 
Quenst.)^ but the type specimens seem to have been lost,* the presence of 
KcppUrites in the opinion of Dr. Spath requires confirmation. The best 
exposures of these pisolites are to be observed on the western slope of 
Ghanambaniali in Almora*. 

From a ferruginous limestone at Laptal, Heim and Gansser have collected the 
following Callovian species as determined by A. Jeannet*:— 

Belemnoidea— 

fBdemnites {Bdemnopsia) ealloviensis Oppel. 

Ammonoidea— 

Macrocephalites cf, tnanfftdaris Spath (Lower Callovian), 

M<icrocephaUte8 {Bolichocephalites) of. fiexuoaus Spath (Lower Callovian of New Guinea), 
Beineckeites aff. waageni Till. (**AncepB zone”), 

Beineckeites douviUd Steinm. (“Anoeps zone”), 

Bonardlia cf. bicostata Stahl. (”Athleta zone”), 

Braohiopoda— 

Bhyfhehondla sp. 

Spiti Shales. —In the Spiti, Garhwal and Kumaon Himalaya the steep lime¬ 
stone clifis of the Zanskar range, built up of the Kioto formation, are usually 
capped by undulating downs covered with black, friable shales which have yielded 
large numbers of ammonites and belemnites of Upper Jurassic type. These Spiti 
Shales, as they are called, succeed the Sulcacutus beds with every appearance of 
conformity inspite of the complete lithological change, and, in their characteristic 
facies, extend at least from Hazara in the west to the Everest region and Sikkim 
in the east. In the type area of Spiti they cap the cliffs on the left side of the 
Spiti river near Jobber, Langa and Giumal; they also occur alolil; 
the higher ridges on the right side of the same river, and form a narrow strip 
above Mani, extending over the saddle of the Manirang Pass into Bashahr.* From 
the adjoining Tibetan Province of Ngari Ehorsum the beds cross into Garhwal 

1 0. Diener, Denks, k, Akad, Wiss, Wien, LXH, p. 584 (1885), 

* L. F. Spath. Pal, I nd., N ew Sar., voL IX, Mem. 2, 805 (1027). 

^ C. Biener, Jlfeia. XXVIH, 2 (1808). 

4 Denkaehr^ d. Bchmia, Cksdh, Bd. LXXm, 142 (1939). 

e H. H. Hayden Mem, XXXtL, 85 (1904). 
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sad Eumaon sb a narrow outosop whieh, between the Shabhal fond Chili* 
chum Buses, splits into two. In this part of the Himalaya the Spiti Shales are 
frequently seen to be squeezed into the narrowest folds and in places have been 
bveithiust by the rigid Cretaceous strata. Distrurbed sections of this nature oaa 
be seen in the Dharma and Lissar valleys where all that remain of the Shales 
are very narrow strips enclosed in crushed folds of the Kioto limestones.^ 
In the majority of cases, however, the Spiti Shales, whether they form 
a continuous or fragmentary sequence, occupy a well defined stratigraphical 
position between the Kioto or Megalodon Limestone formation below and the 
greenish Oiumal sandstones above. The upper boundary is less sharply defined 
than the lower and the passage into the shaly, greenish sandstones of tne Giumals 
more gradual than the change from the underlying earthy limestones into the 
Spiti Shales. 

Very constant in lithological character, the Spiti series everywhere consists of 
dark grey and black shales, containing numerous calcareous concretions, a large 
proportion of which being formed round fossils. The thickness of these Shales in 
Spiti is about 500 feet.* The original extent of their exposure has been 
very much reduced by the great denudation they have undergone. 

The Spiti Shales have been divided into the following three sub-divisions: 

1. Loohambel stage. 

2. Chidamu stage. 

3. Belemnite Shales. 

but certain discrepancies between the faunas of the different stages arouse the 
suspicion that the few hundred feet of Spiti Shales exposed at the various locali¬ 
ties are not astride exactly the same horizons, and that most of the individual 
successions are incomplete.^ It is possible, therefore, that more precise collecting 
will show that there has been a certain amount of admixture or overlapping with 
regard to the lists of fossils given below. 

The lowest stage consists of brown earthy shales at the base, with traces of 
Belemnites and other fossils, surmounted by black, splintery, friable shales, occas- 
sionally micaceous, and with rust-coloured, ferruginous blotches on their fractured 
surfaces; in the latter nodules of iron pyrites are common, and scattered through¬ 
out are calcareous concretions in each of which is usually a poorly preserved fossil. 
Amongst the few fossils identified from this stage are : Bekmnopsis gerardi 0pp. 
(ranging up into the middle stage, and recorded also from Kalabagh, Cutch and 
the Dutch East Indies; Oxfordian); B, alfuricus Bohm (also found in the Salt 
Bange and in the Oxfordian of the Dutch East Indies); Mayaites {*^Macrocepha- 
lites'*) waggeni (Uhl.) Spath; (^) M, '^Macrocephalites'') kitchini (Uhl.) Spath (com- 
* parable with the young Kamptokephalites lamellosus (Sow.); (^) Epimayaites 
sp. (the ^^MacrocephaUtes cf. maya'^ of Ulhig) (*); Orayiceras {?Prograyiceras) 
{^^Simbirskites'') koeneni (Uhl.); (®) Prograyiceras grayi Spath \*'Stephamcera$ 

I C L Griesbaoh, Mem. XXIII, 77, (1891) ** 

* Gricsbaoh records a thickness of 1,360 feet to the north of the Niti Pass, but this may 
be exaggerated by disturbance Mem, XXlIl, 126, (1928). 

» L. P. Spath, Pal. Ind. New Ser., Vol. XX, Mem. 4, 34 (1934). 

* Prom what stage of the Spiti Shales these three ammonities come has not been definitely 
stated, but there seems little doubt that they were collected from the lowest stage (see Jfem. 
96). 

* G, Koeneni is not a near relatiye, as was at one time supftssd; of *'Simbriskite$ 
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(8imbif$hiUB) nepalense*^ Waag. (Graj); Inoeeramuaot suhrum G. Bohm;/^ 
sp.; Lima fndanchoUca Holdh.; L. triatioula Holdh.; Cerithium ? sp. (StnaU)^ 

The ammonites and the coarsely ribbed Inocerami indicate an Upper Ox* 
fordian or Argovian age, and the stage shows affinities more especially with the 
Upper Oxfordian of Wai Galo in the Dutch East Indies. 

' The middle or Chidamu stage is similar in lithological character to the upper • 
part of the lower, and consists of fine, black, splintery shales, with many ferrugi¬ 
nous partings and marly concretions which generally yield well preserved fossils,, 
especially ammonites. From this level the great majority of Spiti Shale fossils 
have been derived, though information concerning their precise horizon is wanting 
in a large number of cases. The following is a list of forms which, on the authority 
of Professor Uhlig, have been collected from the Chidamu stage, most of them at 
Chidamu locality: 

Belmnoidea— 

Bdemnopsis gerardi (0pp.) (from Ohojan as well as Chidamu). 

Phyllooeratidae— 

PhyUoeeraM plicaiiuM Uhl. (from the Shalshal oHff only.) 

Lytoceratidae— 

Lytoceras exotieum 0pp. 

Qppelidae— 

K. Hecticoceraa laiiatrigatum Uhl., 

U. T. StrebUtes hrafftiVhl., 

„ grieabaehi Uhl. (from Shalshal as well as Chidamu)., 

„ punctatopictus Uhl., 

„ domocrenatua Uhl. 


Euoyolooeratidae— 

Koaamaatia deamidopiycha Uhl. (from Loohambel-ki-chak only). 
Hoplitidae— 

Blanfordia wallicha Gray, (from Chojsn). 

Perisphinctidae^ 

Paraholiceraa aahineanum 0pp., 

„ tibetictim Uhl., 

„ of. apiUeaiae Uhl. 


L.T. Virgatoaphinctaa denaeplkatua Waag. (Shalshal and Chojan as well as Chidamu, 
also in the Umia beds of Cutoh). 

„ raja Uhl., 

,, roiundidoma Uhl., 

,, intermediua Uhl., 

L.T. „ • /regweTwOpp., 

L.T. „ aubfrequena Uhl., 

„ Mmalayanua Uhl. (from Shalshal as well as Chidamu)., 

„ kraffti Uhl. 

,, kutianua Uhl. (from Shalshal)., 

,, eontiguna Zitt. (from Shalshal only; also found in the Kimmeridgian * 
and Tithonian of Europe)., 

,, diacoidea Uhl., 


Puribphinetaa i^uJaeoaphineiaa tibetawua Uhl. (Chojan as well as Chidamu)., 
„ „ panmlus Uhl. (Shalshal)., 

„ „ iorgmtua Sow., 

„ „ radiaUeoaiatua Steig., 

„ „ afi. hollandi Uhl., 

„ dteaeri Steig. 


1 Denkaehr. K. Akad. Wiaa. Wien. Kl., Vol. LXXXV, 558; L. F. Spath, Pad 

/»., New Ser., Vol. IX, Mem. 2, Pt. 6, 804-5 (1927). 
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Braohiopoda— 

Bhynehonelia aff. lacunoict Steig., (Shalshal, Jandu, Niti and Ting Jung La). 

Lamelli Imnohiaia— 

Pdtudcmonoiia inormia Holdh. 

,, amoena Holdli. 

Acedia apitiensia Holdh., and vareites. 

Inoearamua evereati 0pp. (from Shalshal as well as Chidamu ; also found in the Katrol 
beds of Cutch). 

,, atoUezkai Holdh. (from Shalshal only). 

K. l^ically Kimmeridgian. 

L. T. Lower Tithonian. 

UT, Uppei; Tithonian. 

In both numbers and species the brachiopods play a very subordinate part 
in the Chidamu fauna ; all the groups are universally distributed ones and the 
fact that the nearest allies are found in the Upper Jurassic of Middle Europe and 
the Mediterranean is to some extent accidental and due to the detail in which 
the latter fauna has been studied. The bivalves do little more than confirm the 
evidence of the ammonites, though a few of them point generally to an Upper 
Jurassic age.^ The ammonite fauna of the Chidamu beds is upperpiost 
Blimmeridgian-Portlandian in age. Between it and the Argovian or Upper 
Oxfordian mayaitid fauna of the Belemnite Shales there is a considerable 
palseontological break. The absence of such genera as Waagenia and of 
distinctive oppelids and perisphinctids, as well as the great scarcity of 
aspidoceratids, indicates a time gap covering the Gorallian, an 1 the Lower 
and Middle Kimmeridgian. 

The upper or Lochambel stage is found at Lochambel-ki-chak, two miles or 
so east of the peak of Chitichun No. 1 ; very probably it also occurs at Kuti in 
Byans and in parts of Ngari Khorsum, judging from the number of Lochambel 
species recorded from these localities. The bulk of the stage belongs to the Upper 
Tithonian but, judging from the evidence of its Hoplites —such as H. (Kilianella 
pexiptychus Uhl., H. eocomites))'neocomi€nsis d’Orb., H, (Thurimnnia) thuTmami 
—and of its Acanthodisens snbmdiatns and Simhirfihites aff. discolfalcaHis Lah., 
it ranges up into the Neocomian,^ probably to the base of the Hauterivian. 
The Lochambel beds too are made up to dark, splintery shales but with 
fewer concretions and, near the top, frequently alternating with more 
regularly bedded black shales and impure limestones; towards the upper part 
of the stage also thin intercalated beds of light'coloured sandstone make their 
appearance, introducing the superjacent Giumal sandstones up into which the 
beds pass. In this stage ammonites bccaome scarcer, and belemnites and bivalves 
predominate.^ This stage in Uhlig’s opinion, is made up of the BeTriasian 
(Infra-Valanginian) and the Valanginian; equating the Lower Berriasian with 
the Tithonian, this sequence corresponds to the Tithonian and Valanginian, t.e., 
the highest Jurassic and lowest Cretaceous series. The following is his list 


Moiphooeiatidae— 


Hoteoataphanua (Spiticeraa) spitieneaia Blanf. 

ff 

,, aubbilobatus Uhl. A Suess. 

9f 

„ binodiger U. A S. 

» 

,, conaervana U. A S. 


„ aubcautleyi U. A S. 

9$ 

„ mqjavari U. A S. 

^ Carl Holdhans. 

Pal. Ini., Set, XV,. Vol. IV, 398 (1910). 


• A. Spitz. Bee. XUV, 212 (1914). 

» C. L. Griesbaoh. Mem. XXIH, 77 (1891). 

« Dankach, JET. Akad. Wiaa. Wien. Math. Nat. Kl. vol.LXXXV 

9 G8I/68 
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•» 

KilianeUa 


BotcoiUpkttnu9 {Spiticeraa) senpiu$ Straeh. 

M M ifriuibaehiV. A&S. 

,p „ guttatus Straoh. 

,, ,» eximius U. k S. 

{AstieHa) achenhi 0pp. 

,9 ,, of. convoltUa Koen. 

HIxnalayitidae— 

Bimalayitea aeiddi 0pp., 

M ventrieosw Uhl. 

Perisphinotidae— 

PeriapMnctea {ParahoUceraa) jvhar Blanf. 

,, „ aabineanua 0pp. ,» 

H<^litidae— ,, 

U. T. BerriaaeUa of. privaaenaia Pot. SaraaineUa 

U. T. Boplitea (Blanfordiceraa) wallichi Gray. „ 

M ericki Uhl. „ 

M applanaia Uhl. NeooomiteB 

„ bohmi Uhl. „ 

,, latidoma Uhl. „ 

„ middUmiaai Uhl. ,, 

„ celebrant Uhl. ,, 

Acanlthadiaeua octagonoidea Uhl. ,, 

pclyacanthua Uhl. „ 

aubradiatua Uhl. „ 

a^nthinua Uhl. ,, 

hookeri Blanf. 
latouchei Uhl. 
acanthoptychua Uhl. 


Aeanihodiacua ami'fht Uhl. 

„ aff. hyatHeoidaa Uhl. 

„ apUitnaia Uhl. 

„ aff. michaelM Uhl. 

„ tihatcmua Uhl. 

aaififUcfus Uhl. 
hitndlayanua Uhl. 
pexiptydia Uhl. 

„ Uptoaoma Uhl. 

M eonatficta Uhl. 

Thurmannia boiaaieri Plot. 

kingi Uhl. 

aff. rarefureatua Uhl. 
vafiana Uhl. 
aubpinoaa Uhl. 
aff. atnbiguua Uhl. 
of. neoeomienaia d’Orb. 
nivalis Uhl. 
moniantis Uhl. 
indomontanua Uhl. 
eaUiptyehua Uhl. 
pyanoptychua Uhl. 

*oalkeri Uhl. 
nikitini Uhl. 
indieua Vhl, 
odorUodiaeuaVhL 
apitienaia Holdh. 
apitienaia 0pp. 

position in the Spiti Shale 


Pleuromya 

Avioula 


The following is list of additional forms whose 
•eries is unknown or uncertain but, in the great majority of cases, is in the Chidamu 
itage.i 

Phyllooeratidae— 

UT. PhyUoceraa atrigiU Blanf. 

Lytooeratidae— 

Lytoceraa axoticum 0pp. (Laptel in Ngari Khorsum; Tangtat, north of Kibber; and 
Chidamu). 

Oppelidae— 

K. Beetieoeeraa kobeUi 0pp. (Shansra; found also in the Middle Katrol sandstone of 
Cutoh). 

Oppdia (Neumayria) nivalia Stol, (Kibber). 

„ {Oecotrauatea) adela Uhl. (Base of the Spiti Shales, in Tera Gadh). 

UT. „ {Streblitea) adblphi 0pp. (Baj Hoti, in Ngavi Khorsum). 

UT. „ „ planopieta XJhl, (Sirkia, southern Ngari Khorsum). 

„ „ himaUayana Uhl. (Spiti). 

„ „ •adopted Uhl. (Janau, In Nagri Khorsum). 

„ subatriata 0pp. (Shangra, in Ngari Khorsum). 

,, „ lymani 0pp. (Giumal and Jandu). 

„ „ aphenodoma Uhl. (Kibber, in Spiti). 

„ „ platydoma Uhl. (Jandu and l^iti). 

„ „ Uptodoma Uhl. (Giumal and Laptel). 

„ „ adunata Uhl. (Jandu). 

„ „ pygmaea Uhl. (Giumal, and N. of Ting Jungta). 

„ ,, craaaicoaiata Uhl. (Ngari Khorsum). 

„ aeudneta Strach. 

Aspidoceratidae— 

Aapidoeeraa aveUanoidea Uhl. (Near Kibber ; rare). 

Hoiphooeratidae— 

'Bdeextepkam^ fSpitiee^ grotei Opp, {Spiti). 

,, ,, sttbapiUenaia Uhl. (Spiti). 


» V. Uhlig. Pal. Ind.p Ser. XV, Vol. IV (1910). 
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BokosUp^anus (Spitieeras) bOobaiusm (Kibber). 

UT. „ „ planus Uhl. (Kibber). 

ft 99 eavUeyi 0 pp. (Laptel). 

9 f 99 stanUyi 0 pp. (Jandu and Laptel). 

99 99 buUiformis XThl. (Spiti). 

*> >, oppeW Uhl. (Tibet). 

» 99 iiUfuelobatus Uhl. (Giumal). 

99 9 9 indieus Uhl. (Spiti). 

99 99 spedosus Uhl. (Kibber). 

99 99 tdbUfi Uhl. (Nagri Khorsum). 

JBimalayiUs kfUianus Uhl. (Kuti). 

,, scMagintweiti Uhl. (Spiti). 

,, hoUatidi Uhl. (Spiti). 

99 stdliczhai Uhl. (Near Guimal). 

,, umbo Straeh. & Blanf. (Niti). 

„ Kyphosis Blanf. (Guimal). 

„ hoplitiformis Uhl. (Spiti). 

Hoplitidae— 

Hoplites (Blanfordiceras^) rotundidomo Uhl. (Lingti river); 

99 99 svbguodratus Uhl. (Giumal). 

,, ,, curvatusJJhi. (Chanambaniali). 

„ „ acuikosta Uhl. (Spiti). 

„ (Acanihodiscus) oetagowus Straeh. (Kibber and Kuti. in Byans). 

„ ,, hundesianus JJhl. (N. of Ting Jang La). 

,, „ sommertTigi 0 pp. (Spiti and Kuti). 

,] ,, medea Blanf. (Niti). 

„ „ ruprechti 0 pp. (Tengdi, Spiti). 

(KilianeUo) aff. epimelloides Par. (Ngari l^orsum). 

„ {Sarasindla?) cautleyi 0 pp. (Shangra and Spiti). 

„ {Neocomites) theodori 0 pp. (Laptel). 

Kossmotia tenuistriata Gray. (Probably Niti). 

Perisphinotidae— 

Perisphinctes (Grosaouvria) propinquus Uhl. (Chikkim). 

9f {Paraboliceras) rectecostatus Vhl. (Locality unknown). 

99 9 9 cy^piychua Uhl. (Kuti). 

99 99 himalayanus Uhl. (Shangra and Jandu). 

99 99 haugiVhl, (Sangcha and Kuti). (TKuti Byans). 

,, ,, polyaphinctuaJJhX. (Locality unknown). 

,, 99 mutilua C^p. (Spiti). 

Perisphinctes „ grieabachi tJhl. (Jandu). 




„ pompeckji Vhl. (Kibber). 

„ fascicostatus Uhl. ‘ (Locality not stated). 

(Virgatoaphinctea) mimtsculua Vhl. (Spiti). 

„ pompeckji Uld. (N. of Jandu). 

99 hoWiOuai Uhl. (Laptal). 

„ aff. denaeplicatua Waag. (Spiti, Jandu and Ohidamn). 

,9 burckhordti Uhl. (Tongtak ? and Laptal). 

9 9 multifaaciaiua Vhl. (Jandu and Laptal) 

„ haydeni Uhl. (Jandu and Laptal). 

,9 broilii Uhl. (Shangra, Laptal and Niti). 

„ subquadratua Uhl. (Spiti). 

,, indiatinctua Vhl. (laptal). 

„ inccriua Uhl. (Between Ting Jung La and Chhota Hoti). 

„ lemoinei Uhl. (Shangra). 

„ aff. euplocus Waag. (Between Ting Jung La and Chhot 

Hoti). 

{Aulacoaphinctea) morikeonua 0 pp. (Ki in Spiti, Jandu, Giumal and Kuti). 

99 apiteinsia Uhl. (Jandu, Giumal and near Ohidamu). 

„ rareplicatua Vhl. (N. of Ting Jung La.) 

„ hollondi Uhl. (Jandu). 

,, natricoidea Ulil. (Ohidamu and Shalshal). 

„ latouchei Uhl. (Ohidamu). 


^ Many of these Blanfordiceras may have come from Loohambel beds (See Pal. Ind.9 New 
Ser., Vol. XX. No. 4 , p .33 ( 1934 ). 44 a 







1178 


MA^UAL OF GBOLOGV OF IBDIA AM) BUBllA 


[Tol 11 


Pifisphinctei (AulacoapkincUs) pfehffgyrus Uhl. 
f, „ Unoptychus Uhl. 


(N. of Ting'Jung Lft.) 

<K. Kumaon, Sirkia and Shalihal). 
ma^ertUhl. (Shangra and Jandu). 

„ aff, striolatua Steuer, (Jandu and Kuti). 

,, „ hiosarndti Uhl. (Kibber). 

„ M divefgena Sterg. (Sbanf^ra). 

M perrin-smithi Uhl. (Chidamu). 

„ ophidoidea Uhl. (Chidamu). 

,, ,» shangraenais Steig. (Shangra)^ 

LT. ,, „ paewdocolvhrinus W. Kilian. (Shangra, Laptal, Chidamu 

Sirkia and Chhota Hoti in Kgari Khorsum). 

„ „ aff. lofioZi Zitt. (Shangra). 

„ ,, avbtorqv/Uua Uhl. (Laptal and Shangra). 

„ infundibulum Uhl. (Chidamu, Jandu, between Ting 

Jung La and Chhota Hoti, and Spiti). 

,, „ amiih-tooodwardi Uhl. (Spiti, Piding in Ngari Khonum, 

? Chidamu). 

„ „ wiUisi Uhl. (Between Ting Jung La and Chhota Hoti, 

Laptal and Giumal). 

,9 ,, hundeHanaia Uhl. (Chidamu, between Chidamu and Lap- 

tal, and N. of Ting Jung La). 

„ ,, of,adeluaOemm, (Chidamu and Laptal). 

„ „ ehidamenaiaVhX, (Chidamu and Shangra). 

„ „ epofMcoeZa Uhl. (Chidamu). 

„ biplicatua Uhl. (Kibber, Sirkia in south Ngari Khorsum, west of Cliikkim 
and Shangra). 

„ dacquei Steig. (Shangra). 

„ dUemecoatatua Syeig (Locality unrecorded). 

Bochianitea gerardianua Stol. (Locality unknown). 

BhynchoneUa aff. aparakoata Quenst (Niti). 

,, aff. hoheneggeri Suess. (Jandu). 

„ aff. moeachi Hass. (Kibber). 

„ of. aatieriam B’Orb. (Locality unrecorded). 

Terebratula sp. 

Auedla leguminoaa Stol. (Kibber). 

,, blanfordiana Stol. (Jandu, Kibber, Sirkia and Niti). 

Ifufceramua gracilia Holdh. (Niti). 

Lima roberti 0pp. (Locality not given). 

,, ajntienaia Holdh. (K^ing and iUbber). 

Peeten inertulua Holdh. (N. of Kibber). 

NuciUa apiUenaia Holdh. (Kibber, Chikkim, and Giumal). 

9 , hyomorpha Holdh. (Chikkim and ?). 

„ hMeriana Holdh. (Kibber). 

„ dienefi Holdh. (Giumal). 

Leda sp. (Between Chidamu and the Kisangur Pass). 

Area {rardUelodm) egerUmiana Stol. (Giumal, Kibber and “spiti,”). 

Trigonia apitienaia Holdh. (Guhnal). 

AatarU hermanni Oro. (Chikkim and ?) 

„ aowerhyana Holdh. (Kibber, Chikkim and 7). 

„ acyUdia Holdh. (Locality not given). 

„ apitienaia Holdh. (Locality unrecorded). 

Coamomya egregia Holdh. (Niti). 

Htmumyo tketka Stol. (Giumal). 

Chnkmya whiligi Holdh. (Niti). 

Phdladofnya 9 prdbkmatka (Between Chhota Hoti and Ting Jung La). 

Pleurolomaria apitienaia Holdh. (Kibber, Giumal and 7). 

. K. typically Kunmerdgian. 

LT. Lower Tithonian. 

UT. Upper Tithonian. 

^ Thought by Br. Stei^ to be identical with what Waagen calls P. hleieheri from the^ 
Umia beds of Outoh; the Gutoh specimen has been renamed AvBiCMphincioidea meridiomlia 
by Br. Spath who considers that it differs in most characters from P. ahangraenak and is not 
idsntical with de Loriol’s P. hleicAsri. 

* **Jlliaerodcn egertoniiana** StoL, Oueullaea egertoniana Stol. found in the Aden hinterland,. 
Q. H. Tipper. [Bee. XXXVm, 836 (1910) and in Kenya Gedl. Mag., LXIV, 326 (1927). 
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In i^ite of purely numerical anomalies, the Jurassics of Cutch and of the Hima¬ 
laya are intimately related and would be demonstrably more so were it not that 
the most fossiliferous portions of each sequence are probably not quite at the same 
stratigraphical levels. The afiB.nity with the Spiti Shales is especially distinct 
in the Umia beds of Cutch with its Virgatos'phinctes fauna. The differences in 
the ammonite faunas of the two areas, which were at one time regarded as those 
of facies, are now attributed to slight differences in age. In IJhlig’s opinion, 
the Spiti Shales are neither littoral nor thalassic sediments but are lithologically 
very similar to the Dogger of the Caucasus and to the Wernsdorf and Upper 
Teishen beds of Silesia.i They denote a northward recession of the Tethys sea, 
and represent the muds which were brought down by rivers from the south 
and succeeded the open sea limestones of the Kioto period. As will be seen, 
this recession ended ultimately in the northern ranges of the Himalaya and the 
whole of Tibet becoming a continental area in Tertiary times. The Spiti Shales 
fauna shows a close connection with Cutch and East Africa on the one hand 
and with central Europe on the other; the boreal element is entirely absent. 

NEPAL. 

From the Salagrammi, the Nepalese name for the upper Gandak river, a small 
collection of fossils made in all probability by Dr. N.W. Wallich near Mukhtinath 
north of the Nepalese crystalline peaks, have proved to be nearly all closely related 
to forms in the Spiti Shales of Kumaon and Garhwal.*. Dr. Cowper Heed, to 
whom this discovery is due, has determined the following: Bdemnites {Discoelites 
cf. sulcatus Mill., Hoplites walUchi Gray, Perisphinctes cf. biplex Sow., p. cf. 
torquatus Sow., P. aff. frequens 0pp. P, cf. sabineanus 0pp. Oppdia (Streblites) 
cf. griesbachi Uhl., Parallelodon ebertonianus Stol. (found in the Aden hinterland) 
Nucula sp. and Rhynchonella cf. variabilis Scliloth. Incidentally the discovery 
clears up the derivation of the word *'saUgram'\ applied to round black stones 
regarded as sacred by Hindus. Some of these are the concretionary bodies with 
nuclei of ammonites, such as are so typical of the Spiti Shales; many of the 
so-called saligrams obtainable in Indian bazars are black, rounded pebbles of 
various kinds of rocks, and presumably, therefore, business instincts have given 
rise to a wider application of the name, the outward and visible features being 
not always accompanied by the internal structure that is supposed to be essentially 
connected with the sacred character of the stone. 


EXOTIC BLOCKS OF MALLA JOHAR. 

Of the exotic blocks of Malla Johar, in the upper Eiogarh valley of Ngari Blhor- 
sum. No. 8, as numbered by von Krafft, and others, consist of a light grey, 
massive, dolomitic limestone. No trace of a fossil has been found therein, but 
they have the appearance of being portions of the Kioto Limestone of 
Dachstein^lk age, through the lithological identity between the two is not 
beyond question. Messrs. Heim and Gansser find that the so-called exotics 
of Eiogarh are not simple blocks, but part of a folded sedimentary 

^ C. Diener, Mem. XXVIII, 20 (1898). 

> Bee. XXXVII, 136 (1908), and F. R. 0. Reed. Ged. Mag. 256 (1908). 
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series of vast extent which is less broken up by basic intrusions; these authorities 
note that part of von Krafft’s basic igneous rocks are nothing but folded Jurassic 
sediments.^ 

Among the blocks the Lias is represented by Nos. 4, 6, 7,16 and 17, which are 
composed of a very earthy, brick-red, rather thin-bedded, nodular limestone, with 
a few thick grey layers. No fossils have been found in No. 4. Blocks 6 and 7 
have yielded: Phylloceras cf. sclateri Dien,. p. aff. montgomeryi Dien., Aegoceraa 
sp., Arietites afif. grvnowi v. Hauer and Belemnites sp. ; Belemnites and ill-preserved 
bivalves are common in certain of the earthly layers of Block 6. The fauna of 
these is of Lower Liassic age. Of the same is the more copious assemblage from 
Nos. 16 and 17*. 

Cephalopoda— 

Airactites sp. 

PhylUfcerat montgome^'Dien, 

„ aclateri Dien. 

„ horaefieldi Dien. ^ 

„ cdldwdli Dien. 

„ aff. dieneri Bosenb. 

„ (Schiatophylloceras) mongolusum Dien. 

Bhaehophyllites of. (gigas) Fuo. 

„ achopiriformia Dien. 

Awdytocara^ aff. oHicvikiium Sow. 

PUnra^fiLiUthitea aff. btformia Sow. 

Bctoeentfites sp. 

Oxynoticeraa aff. greenoughi Sow. 

^ehkiheimia aff. trapezoidalis (Sow). Gan. 

,, aff. marmorea 0pp. 

Aeggeertta ep, 

Arietitea of. eoregonenaia (Sow). San. 

„ himalayanua Dien. 

,, rotiformia Sow. 

Of the number of fossils collected by von B^afft nearly 60 per cent, consists 
of specimens of phylloceras, a predominance which imparts an Alpine aspect to 
the fauna; this resemblance is supported by the affinities of individual species 
as well as by the lithological character of the rock. 

Several of the exotic blocks rest upon the Spiti Shales, and some of them are 
composed of the shale. The difference in facies between the normal Himalayan 
formations and those represented by the exotic blocks strewn along the Tibetan 
border is greater in the case of the Lias than it is in the case of the Trias. 

TIBET. 

Distribution and General Character.— By far the most striking feature of 
the geology of southern Tibet is the enormous tract occupied by Jurassic rocks 
which are exposed with little interruption over an area of many thousands of 
square miles from the northern flanks of the Himalaya northwards across the 
Tsang-po and beyond Lhasa. This great outcrop, with its monotonous topography^ 
is in aU probability more or less continuous through Nepal with that of Eumaon, 
Garhwal, Spiti and Ngari Ehorsum. In these eastern parts of the Himalayan 
region the general lithological characters of the system resemble those in the west 
except that, whereas in the latter region the lower portion, up to the Oxf<»<Baii 

> Detikaehr, d, Sekwer Natavf. QudU„ Bed. LXXIH, Ahh. 1,146 (1939). 

t C. Diener. Pal. Ind.. Ser. XV, Vol. I, Pt. 1,94 (1908). 
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is entirely calcareous, in the east it is only partially so, sandstone and shale 
bei^the predominant types even in the more basal sections!^; in both 
Xf^ans the upper beds are wholly free from limestone. Along their contast 
with the granite of the crystalline zone to the south the lower beds are not 
only metamorphosed but considerably disturbed; in fact the crystalline zone 
itself includes schistose and gneissose rocks of Jurassic age through which the less 
altered slates and shales appear to pass into the foliated granite. The junction 
of the less altered types with the crystalline zone is, however, in most cases obscured 
by talus or moraine. 

Mount Everest Region.—To the north of the crystalline belt which en 
closes Mount Everest the southern boundary of the less altered Jiirassics its situated 
about two miles north of Rongbuk village ; these rocks cover the greater part of 
the Fharuk district and occupy the bulk of the Ladakh range immediately to 
the north. They consist for the most part of dark brown and black shales and 
argillaceous sandstones with subordinate quartzites and limestones; the quart* 
zites represent a purer form of sandstone, but the limestones are usually darker 
and more argillaceous than those of the overlying Cretaceous system.* 

In the country between the crystalline zone and the Ladakh range, the Jurassic 
strata were found by Dr. Heron to be thrown into great folds and fantastically 
corrugated, the general strike of the folds, omitting frequent irregularities, being 
that of the “grain” of the country, m., E.-W. or E.S.E.-W.N.W. Thrust-faulting 
is most probably very prevalent, but extremely difficult to detect in such uniform 
strata. In the Ladakh range some injection by granite has caused a widespread 
regional induration of the rocks. In the latter the degree of metamorphism is 
low. The shales for the most part have acquired the beginning of slaty structure; 
they have become knotted and break into prisms, or have developed a certain 
amount of secondary sericitic mica and aluminous silicates such as staurolite. In 
places they have become phyllities. A baked appearance is common, the whitish 
or red colour contrasting with the black or rusty brown tints of the unindurated 
shales. The quartzites show no more alteration than do those found among the 
unaltered strata. That the crystalline schists of this neighbourhood include 
representatives of the Spiti Shales is proved by the specimen of Uhligites grieshachi 
(Uhlig), a typical Spiti Shale fossil, recorded by Mr. N.E. Odell from the Phut 
La at the head of the Rongshar Chu, a valley carved out of the crystallines to 
the west of Gaurisankar (Chomo Tsering, 18,940 ft.). In a watercourse leading 
up from Dra to the Ruli La were collected also three fragments of early macroce- 
phalitids including Dolipkephalites eubcompressus Waag. and Pleurocephalites sp. 
From beds mapped (erroneously) as Eampa (Cretaceous) at Tingri Dzong Mr. 
Odell brought back a fragment of a Kamptokephalites of the dimerus group, found 
by Dr. Spath to be indistinguishable from a species occurring at the base of the 
upper Middle Macrocephalus beds of the Jumara area in Cutch.* 

Tsug and U.—Further to the east a similar belt of metamorphosed Jurassic 
flanks the northern slopes of the granite mass which includes Chomoyumo (23,400 
ft.) and Pauhunri (23,180 ft.) peaks. It occupies a comparatively low range of 
hills separated from the granite moraines to the south by the Lachen river which 
here runs approximately from east to west. Over these hills run the pasMs 
which lead from the broad open Lachen valley into Tibet. The rocks consist 


* H. H. Hayden. Mem. XXXVI, m (1907). 

* A. M. Heron. Bee. LiV, 229 (1922). 

* A. V6n. Kraft. Mem. XXXH, 147 (1902^. 
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of red and blaok slates, sandstones, quartzites and conglomerates, more or less 
altered by the neighbouring granite, for the most part unfossiliferous, and dipping 
northwards. A block of quartzite thought to have been derived from one ^ 
the eastern spurs of Chomoymo was seen to contain crinoid stems and yielded 
some poorly preserved brachiopod casts including a species of Rhynchanella 
resembling R. quairiflicata Ziet. East of the descent from one of the passes 
the Sibu-La—to Giri, a small group of hills is composed of typical shales, dark in 
colour, with many bands of concretions containing fragmentary ammonites ; 
above the Spiti Shales, on the left bank of the Giri river, are contorted limestones 
belonging presumably to the Cretaceous system. North of this the Giri valley 
coincides with an important E.-W. line of faulting which brings up on the north 
side of the river Jurassic quartzites and dates overlain by Spiti Shales, which 
continue northwards almost to the Kampa ridged The crinoid limestone ^een at 
the Tso Lhamo, at the head of the Lachen valley, is thought to be the same as the 
Jurassic limestone seen in the Phari plain some miles to the southeast; in addition 
to the crinoid stems, small fragmentary lamellibranch and bryozoa were 
observed in the rock, one of the former belonging possibly to the genus Trigonia. 

Near Lungma, a summer grazing ground some eight miles south of Kampa 
Dzong, a 60-foot band of highly fossiliferqus limestone furnished a definite horizon 
in the Jurassic system. The well presei^ed fossils indicate a Lower Oolite age 
and include: 

Cephalopoda— 

Hafpoura$ (Dcrntinsta) of. tomplamtum Buokm. 

•• ^P* (several speoies). 

SUphanoeeras of, humphreaianuin Sow, 

NaviHua sp. 

Beiemnitea sp. 

Braohiopoda— 

RhynchoneUa quadriplkata Ziet. 

„ variabilia Schloth. 

*» spp. 

TerebraitUa of. ventricoaa Ziet. 

Lamellibranohiata— 

Trigoftiia eoatata Park. 

„ sp. 

Peoteasp. 

PMvdomya sp. 

f lAma pectiniformia Sohloth. 

Osirea sp. 

PUurtmya (Jliyacitea) of. adjectua Phill. 

The lower beds are characterised by lamellibranchs in large numbers, Trt- 
gonia costata being especially noticeable. Brachiopods are apparantly absent 
from the lower beds, but especially characteristic of the middle, while the 
cephalopoda are confined to the highest beds. The slates and ifiiales overlying the 
limestone also contain traces of fossils. 

The lower slates exposed on the ridge at the foot of the ascent to the Naka 
La contain a few traces of fossils, including a small pecten. 


1 H. B. Hayden. Mem. XXXVl, 153-163 (1907). 
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In the Phari plain, southwest of Ghomolhari (23,930ft.), the Dothak series 
which has already been described under the heading of Trias and may itself 
j:)OSBibly include Jurassic horizons, is succeeded by some thin-bedded limestones 
yielding a number of small brachiopods belonging to either Liassic or BhsBtic 
species and comprising a WaJdheimia identical or closely allied to rempinata 
Sow., and species of Rhynchonellay Spiriferina and Spirigera, Some coral limestones 
of the neighbourhood are believed to occupy an intervening position between 
this brachiopod limestone and the next higher member of the Jurassic sequence, 
which consists of slate and quartzite ; one of these crushed slates has yielded the 
impression of an ammonite. Crinoid limestones, thought to overlie the 
slate and quartzite, contain numerous traces of indeterminable bivalves and 
brachiopods, but have been crushed and distrubed by off-shoots of the Pauhuri 
granite mass. Finally come the shaly beds on which the Fort of Phari stands. 

Part of the range from the Termo La to Ghomolhari is probably composed 
^f Jurassic rocks. 

Hayden suggests the following correlation of the Tibetan Jurassics so far con¬ 
sidered as a working hypothesis : 

Lachen, Kampa-dzong area. Phari area. 


Upper Jurassic 
Upper and Middle 
Jurassic. 


Spiti Shales .... 
Black and grey shale and quartzite . 


Middle Jurassic Lungma limestone 


? 

Shale and quartzite. 

Upper limestone. 

Slate and quartzite. Crinoid 
limestone. Slate and quarztzite. 
Brachiopod limestone. 


With the exception of a belt of Cretaceous north of the Phari plain and two 
or three narrow outcrops of the same rocks near Lhasa, omitting also a small 
boss of granite south of Gynatse and two or three outcrops of the same rock around 
Lhasa, the whole of the area intervening between that capital city and Phari, 
a distance of some 175 miles, appears to be covered by slate, quartzite (rarely 
shale and sandstone) and limestone, thrown into an endless succession of compli¬ 
cated folds and pierced by dykes of basic igneous rock and intrusive masses of 
granite. Most of the fossils have been destroyed by the intrusions, but from their 
lithological character the rocks are all referred to the Jurassic system. At the 
village of Gorchi, in the valley of the Ealung Chu, large numbers of Belemnites 
were collected from a band of soft shales. At various other widely spread locali¬ 
ties the following few fossils have also been recorded : Grypliaea sp., Spiriferim 
sp., impressions of a brachiopod exterenally resembling Terebratula (Megerah) 
perrieri Desk, Rhynchonell^ sp., Perisphinctes sp. and possibly other ammonities 
•crinoids and “fucoid” remains. 


Ngari Khorsum. —In Nagri Khorsum or Hundes, the equivalent of the Spiti 
Shales has been recognised by Heim and Gansser near Eaksar, one of the Manasa- 
Towar Lakes. 


Central Tibet. —The untimely death of Sir Henry Hayden has deprived 
us of detailed, though disappointing, as admitted by him, information concerping 
his extensive traverses from Lhasa westwards and northwards to Wom-po and 
Lhumpo. In 1907, however, he noted that in the immediate neighbourhood of 
Lhasa granite is the prevailing rock and the local sedimentary beds are highly 
metamorphosed, but Jurassic rocks still predominate in the surrounding hills and 
appear to continue far to the north towards Nam Tso.^ A specimen from a belt 


1 Mm. XXXVI, 161 (1907). 
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of folded calcareous rooks Near Se-shing, some 30 odd miles northwest of Lhasa^ 
proved to be a ferruginous oolite.^ 

KASHMIR. 

Punch Jurassics. —In the Pir Panjal of Kashmir, and round the syntazis 
between that State and Hazara, the Giumal Sandstone and the Spiti Shale horizons 
(Argovian to Gault) are thought to be both represented by a persistent band, 
100-150 feet thick, of a vivid orange colour, iirfolded into the white contorted 
Eocene limestones. 

Tagling Limestone. —The various occurrences in Kashmir of the Kioto* 
or Megalodon limestone, which probably includes Rhsetic and Liassic horizons 
and is elsewhere seen at the base of the Spiti Shales, have already been described. 
To the upper part of this limestone Stoliczka gave the name of Tagling Limestone 
and it is this which is probably of Lower Jurassic age. 

Karakoram area. —The Filippi expedition to the Karakoram® brought back 
an interesting collection of Jurassic fossils from the so-called “Ammonite valley”* 
and from other neighbouring localities in the basin of the Shyok immediately 
south of the Karakoram Pass. The rock in which the fossils occur is an impure, 
compact, more or less marly limestone. Usually it is of a fragile nature due to 
the system of minute calcite-filled fissures which traverses it; when sound, it ia 
a hard resistant rock, sombre-grey in colour, more or less suffused with red. The 
red streaks and spots are due to the presence of earthy hsematite in microscopic 
globules which in places are seen to be concentrated into small masses with irregular 
but perfectly defined outlines. There is evidence to show that the hsematite has 
been derived from glauconite and that the irregularly shaped masses in which 
it often occurs are the remains of organic bodies. 

The microscope also reveals the presence of spicules of tetractinellid sponger 
and foraminifera ; amongst the latter are Rotalia, Cristdlaria, TumcatuKna^ 
Textularia, Lagena, Miliolids, OrhuUna and Globigerim. The state of preservation 
of the larger fossils is more or less deficient, most of them being fragmentary or 
deformed. The fauna is made up of 16 cephalopods—for the most part Stephas^ 
noceratidae and Harpoceratidae—11 lamellibranchs—two of them new species, 
and the families Pectinidae and Limidae specially represented—and 3 brachiopoda 
of the genera Terebratula and Rhynchonella, two of them new species. In numbera 
the cephalopods greatly predominate, all the other forms with the exception of 
Pecten aff. textoriuSy being more or less rare®. 

Ckphalofoda®— 

Stephanoceratidae— 

Reineekeia reiasi Steinm. . This is the Perisphinctes aneeps of the Anoeps beds in Cutoh^ 

and the Okostephanw strauaai Weith. of northwest ^rsia. 
,, greppini Qpp. . Known in the Calloyian of Europe, Madagascar, Persia and 
Bolivia. 

Perisphinetes furcula Neum. . Known in the Callovian of Europe and perhaps identical 

with Ckoffatia aff. furcula (Neum.) form Gutch. 

„ * recuperio Gemm. From the Callovian of Eurc^, the Jurassic of Baluchistan,. 

and probably found also in Bolivia, also a Cutoh form. 

1 A. L Coulson. Bee. LXVn, 331 (1933). 

® N. E. Odell. Oeogr. Jaum,y LXVI, 301 (1925); Spath. Pal. Ind. Ser-, Vol. IX, Mem. 
1,806 (1927). 

* G. Stefanini Spedizione italiana do Filippi nell Himalma, Caraoarume, Turohestan cinese.. 
Scr. n, Vol. Vr, 6 (1913-14). 

« FVom the list have been omitted OoBmoceras sp. and PerMpAtnefos •(ViUonga) demUdba la#. 
Till, since the preservation of the specimens is so poor as to make detem^iation doubtful 
•ee. L. F. Spath Pal. Ind., New Ser. Vol. IX, Mem. 2,806 (1927). 
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Peritphinctee {OrosBouvria of. herthae Lias. A French form. 

99 99 tendlTis TeiRS. From the Callovian of Europe. 

99 9 9 balinensis Neum. Identical with or very clos-o to Choffatia 

balinenasi from Cutch ; found also in Europe, Persia, Balu¬ 
chistan and Madagascar. 

„ (Proceritea) funatua 0pp. A European Callovian form ; not identical with 

Waagen’s P. funatva which has been renamed by Spath 
Sivajiceraa aureum. 

,9 99 moorei (0pp. ?) Neum. Upper Bathonian of Europe. 

9 , „ baranyaenaia Loczy. From the Callovian of Hungaiy. 

„ ,, Dr. Spath is inclined to take this to be a worn Spiti Shal# 

Atilacoaphincioidea, 

Harpoccratidae— 

Ludwigia pavlom (Tsyt.) From the Callovian of Europe. Spath is prepared to admit 

the identity of this with his Cutch from Lunuloceraa (trientak, 
Heeiicoceraa metompMlvm Bon. Found in Europe and in Persia. 

Oppelia callovienaia Par. A Bon. From the lower Callovian of Europe. 


Lamellibranchiata— 

Pecten aff. texioriua Schl. iextoriva is a Liassic species. 

„ (CMamya) aff. iTMtequicosiatua Phill.- A European form. 

„ ,, aff.(Sow). 

Lima aubeardiifortnia Grepp. ? From the Bajocian probably up to the Lower Oxfordian of 
Europe. 

Ctenoatreon aff. luciense d’Orb. From the Great Oolite of France and England. 

Avicula (Oxytoma) cf. acarbvrgcnaia Roll. From the Bathonian of England end France, 
Pholadomya bucardkim Agass. Bathonian or Lower Callovian of England and Switzerland. 
Ooniomya dacquei Stef. Identical with a Callovian form from Dar-ee-salam, Kenya Colony. 


Brachiopoda— 

Terebraiula dainellii Stef. 

Rhynehonella de fillippn Stef. cf. P. edmrdai (Chap. & Dew. ?) Douv. 

Sr, Sterfanini correlates this Karakoram fauna with the lower part of the Chari 
in Cutch, with the Mazar Drik fauna of Baluchistan, and with the femiginoua 
pisolite immediately underlying the Spiti Shales of the Himalaya, t.e., with the 
C5allovian of Europe. The same authority concludes that the Karakoram lime¬ 
stones must have been accumulated in a sea rather open than deep. The fauna 
is entirely wanting in boreal elements, and belongs clearly to that of middle 
Europe and the Mediterranean. 

From the Remo (Rimu) valley on the north flank of the Karakoram have been 
collected 
Cephalopoda— 

Beineckeia resaai Steinm., 

Periaphinctea furcula Neum., 

„ gleimi Steinm., 

Tyloatoma sp. 

Peeten (group) textoriua Schl., 

„ {Chlamya) sp. 


The Spiti Shales have been traced as far as the northern limit of the Karakoram 
range. Jurassic fossils have been found by Auden in the South Aghil range^ 
to the north of the Karakoram, occupying a tectonic basin 16 miles long^. 


1 AtH. d. S. Aeead. d. Sd. d. Torino, LXVH, 279 (1932). 

• Gen, Bep. Bcc. LXXIII, 91 (1938); Him. Joum., X, 43 (1938). 
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Bajooiak (Lowsb Doggxb).— 

Braohiopoda— 

Terelmtfula perovalis Sow., 

LameUibranohfttta— 

Peeten {Enk>Uum)ging€wi8 Quenst., 

„ (CampUmeeUa) lens Sow., 

„ „ cf. aratus Waag., 

„ ( Varictmueium) pumUus (Lam.), var. subpersoTiaia (Vacek), 

Alcetrymia aff. semisolitaria (Etalon). 

CferviUia (F) afiF. ferruginea Beneokse, 

Gastropoda— 

Naika Sp. 

Pleurotomaria sp. 

Bajooian-Bathomian— 

Peeten (CampUmectea) cf. lens Sow., 

„ (Entdlium) cf. dsmissus Phillips. 

Bathonian (Mipdlb Doggxb).— 

Eohinoidea— 

Clypens bchlayei Michelin. 

Brachiopoda— 

Terebiuiula deinellii Stefanini, 

Burmirhynchkb guttula Buckman, 

Lamellibranchiata— 

Ceromya concentrica Sow., 

Modiola of. plicata Sow., 

Isocardia nitida Phillips., 

Cephalopoda— 

Parkinsonia cf. compressa (Quenstedt), 

Perisphinctes (Zigzagicerae) arhustigerum (d*Orb.) 

(Procerites) aff. moorie (Oppel.) 

Carantia of. baikonica Lissajoiis. 

Callovjan (Uppbb Doggeb).— 

Braohiopoda— 

Terebfatvla sp, 

**RhynchondUi'' cf, ndbilis (Sow.), 

„ aff. varians Sohloth., 

Avtacothyris alveolata Bollier. 

Lamellibranchiata— 

Ohtamys jU)rosa (Sow.), 

Alectryonia aff. semisolitaria (Etalon), 

Ctenosireon prohoscideum Sow., 

Epondylopecten of. bouchardi (Oppel.), 

Pholadomya carinata Goldfuss, var., 

Oeromya sp„ 

Oephalopods^ 

Meinecheia douvilhi Steinmann, 

* ,, cf. gaUlardi Roman, 

„ of. oxyoptycha (Neumayr), 

Choffatia recuperoi (Gemm.), 

„ of.(Neumayr), 

„ cf. gottschd (Steinmann), 

Indosphinctes patim (Neumayr), 

„ cf. choffaii Parona Bonarelli, 

Orossouvria cf. variabilis (Lahusen), 

Heciieoceras punctatum Stahl, 

Oppdia cf. calloviensis Parona ft Bonarelli, 

Behmnites sp.. 

From the Dogger or Malm come: Oresglya sp., Pholadomya sp., Nerit^ sp., 
and PeriapUnctea sp. The Argovian or Lower Malm of this region has yielded : 
Lithacocema cf. virgulatua Quenst. and P. aff. pclyphcua Beinecke, while from 
the Tithonian or Upper Malm has been collected firgatosphinctea denaepiicatua 
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(Waag.) An Astrocoenia and an Aspidoceras have been found in beds which 
may be of Malm age, while Hoplites (Berriasella) sp., comes from strata which 
may be of Tithonian or Valanginian (Lower Cretaceous) age. 

Kashmir District.— In the wide synclines near Baltal on the upper Sind 
river, B. N. E. of Srinagar, the Upper Trias passes upwards into a series of con¬ 
torted, dark, pyritous slates, with thin limestones containing indeterminable 
remains of ammonites and of rod-like bodies which may be Belemnites; these 
beds may represent either the Lias or the Lower Oolite'. 

HAZARA. 

On the other side of the Jhclum, the Spiti Shales in Hazara, wherever their 
base is exposed, rest upon the Kioto limestone, though in certain parts of the 
district a slight stratigraphical break appears to intervene.® Not only is the 
lithological change abrupt from a hard compact limestone to friable shale, 
but in a few sections, including one-near Tanakki, the surface of the underlying 
limestone is seen to have been eroded, over-stepped by the basal ferruginous 
layer of the shales, and bored by molluscs. 

The Spiti Shales, surmounted by the Giumal Sandstone are present in both 
the Slate and Nummulitic zones. About 200 feet thick in the northerly parts 
they decrease southwards and southwestwards to a few feet of black shale passing 
up through black shaly sandstone into Giumal Sandstone with Trigonia, and 
eventually die out altogether. In the small temple-crowned hill near Hassan 
Abdal still further southwest and within the Attock district, both Spiti Shales 
and Giumal Sandstone are ‘ absent and the Nummulitics rest directly upon 
Kioto Limestone. 

When best developed, in the more northerly exposures, the bottom bed of the 
Spiti Shales is a layer of crystalline martite, some six inches thick, more or less 
changed to earthy brown haematite and limonited. Above this come the normal 
jet-black or soot-black shales, very fissile though only slightly micaceous, and 
often with shining lamination surfaces. Through them run lines of ferruginous, 
and slightly sandy concretions parallel to the bedding. These concretions, ranging 
up to a foot in diameter, vary in shape from a flattened ovoid to an irregular sub-, 
angular mass and, unlike those of Spiti and Kumaon, possess no fossil nuclei; when 
split open they show red, black and yellow concentric coats. 

Fossils from the Spiti shales of Hazara include : Bdemnopsis gerardi Opp, 
Oppelia amciwiXa Strach., Perisphinctes {Virgatosphmctes) frequms Opp., Inocera- 
mus sp., Ciicullaea sp., Pecten sp., and Corbula sp., the localities being Changla 
Gali (Chumbi peak). Mount Sirban and the Darwaza-Kas near Dunga Gali. 

Karakoram area. —The Aghil range, a northeastern adjunct of the Karakoram,, 
has yielded to the recent Dutch expeditions of 1922, 1925, 1929-30 and 1935 
evidence of the presence of several stages of the Jurassic. From below upwards 
the following faunas have been identified : 

Octagoniceras —closely related to 0. octagonoides Uhl. and to 0. subradiaius 
Uhl.*—from the Murree-Abbottabad road, 16 miles from Murree: Pseudo 

1 Gen., Rep. Rec. 72, 77-78 (1937^ “ 

« 0. S. Hi&lemisB. Mtm. XXVI, 29 (1896). 

* This belongs to an horizon higher than that which yielded the Tithonian, Virpiiee- 
phincta freqvena (Pol, Ind,, New Ser. IX, Mem. 2,894 (1933). 
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monolia sp., Aucdla spitiensis Holdh., Inoceramua sp., and several casts of Cardium 
ap. from ll^lapani on the Thandiani road.^ From what is described as the 
Giumal Sandstone, overlying the Spiti Shales near Kuthwal, H. C. Das Gupta 
records Area cf. egertoniana Stol., Corbula middlemissi Das-Gupta, and 
Pensphinctes (Virgatosphinctes) frequeng 0pp.,; the ammonite, which is abundant 
at the locality, is a Lower Spiti Shales from, and its prsesence would seem to 
indicate that horizon.* 


ATTOCK. 

Whether the red, ferruginous, beds seen in the Kioto Limestone at several 
localities in the Attock district of the Punjab represent or not the Sulcacutus beds 
of the Himalaya, or whether the equivalent of the latter is seen in the laterite 
layer which sometimes forms the uppermost bed of the Kioto Limestone, is not 
yet known*. 

In the Kala Chitta Hills it is difficult to separate the beds corresponding to 
the Spiti Shales from those which represent the Giumal Sandstone. That both 
stratigraphical horizons are present is shown by the fossils, but the two form a 
single condensed band not exceeding 320 feet in thickness and usually less; in 
most cases the beds are sheared and attenuated and occur typically as isosyn- 
clinally orisoanticlinally squeezed bands in the Kioto Lime^tone or the Nummuli- 
tic Limestone respectively. In two sections, however, one northwest of the village 
of Bata and the other on the hill slopes north of Ghora Mar., Mr. Lahiri has found 
it possible to differentiate the equivalent of the Spiti Shales from the Giumals 
the former in the first section consisting of 160 feet of soft, sandy and carbonaceous 
shales, and in the second of 200 feet of soft, shaly, carbonaceous belemnite beds 
associated with yellow and olive clays. ^ 

The Kioto Limestone of this region which, as already stated, includes a fossili- 
ferrous horizon beloi^ing to the Upper Trias, has yielded two other very meagre 
faunas, one of Liassic age and another, still younger, belonging probably to the 
Bajocian. The Liassic assemblage, preserved in a rubbly grey limestone, comes 
from a locality a short distance west of Garhiala, in the western Kala Chitta, and 
includes such characteristic forms as Lima (Plagiostoma) gigantea Sow. 
and Pecten (Velata) vehtug Goldf; in addition Plioatula gpinoga (Schloth.). The 
younger fauna, also preserved in a grey rubbly limestone, was collected from a 
section east of Burjianwala, Laman, and comprise; Eomiodon indicug Cox, Pro- 
tocardia grandidieri (Newt.), Carbula lyrata Sow., all of which occur abundantly 
in the basal Jurassic of Cutch at Kuar Bet, probably in the Lower Fachham 
stage. At any rate they occur below Fachham beds containing Bathonian 
ammonites. The Burjianwala fauna, therefore, which is post-Liassic, must be 
either Bajocian or Bathonian in age; from their undoubted correspondence to 
certain beds in Madagascar containing two out of the three forms mentioned above 
and generally referred to the Bajocian., Mr. L. B. Cox assigns the Indian beds 
provisionally to the latter.* 


* Pal. Jnd., New Ser., Vol. IX, Mem. 2, 804 (1933). 

* J. A. 8. B., New Ser., Vol. XI, p. 263-267 (1916). 

* G. da. P. Cotter. Mem. LV, 80 (1933). 

* P<a. Ind., New Ser., Vol. XX, Mem. 6, F. 2 (1985). 
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This horizon also appears to be present in the Garhiala locality and has yielded 
two brachiopods identified by Miss Muir-Wood as Sphaeroidothyris aUockensii 
Muir-Wood and S. indica Muir-Wood.* 

At the southern end of the first tunnel between Campbellpur and Jalar, Miss 
Muir-Wood has established the presence of a younger horizon which may represent 
the Cornbrash or Callovian and is evidently close to the Namyau horizon of 
Burma; from it come the brachiopods: Burmirhynchia cf., mmyauensis Buckm., 
J3. cf. parva Buckm., B. cf. turgida Buckm., and Daghanirhynchia ? cf. daghaniensis 
Muir-Wood (a genus found in British and Italian Somaliland, probably also in 
other parts of Mrica, in Madagascar and in Bokhara). This same horizon appears 
to be present also near Garhiala and has furnished a species of Kablirhynchia, 

From what are the equivalents of the Spiti iShales the following Argovian 
ammonites and belemnites have been collected from several localities including 
the vicinities of Burjianwala Laman, Talidhok, Bagh Nilab, and Bata: 

Ammovoidea— 

Spimayaitea polyphemua (Waag.). 

„ aff. lemoinei Spath. 

Perisphincies orienialis Sicm. 

„ jelakii Siem. 

„ of. indogermanua Wagg. 

Dichotomoaphinctea of, orbigngyi (P. de Lor.), 

„ aff. groaaouvrei (Sicm.), 

„ T aff. weahncri (Siem.). 

Biplice^akS, dde^riazi (Siem). 

„ aff. aubrota (Choff.). 

Pachyplamtlitea pralairei (Favre). 

Proaoaphinctea virguloidea (Waag.) 

Belbmnoidea—> 

Hibclitea hudh/akua (Stol.). 

„ of. toindhouveri Stolley. 

„ of. tibelicua (Stol.). 

„ of. plaTiohaaiatua (Boehm.). 

„ {HaatUea?) cf. claviger (Waag.). 

Bekmnopaia tanganenaia (Futt.). 

Bhopahteuthia aff. apiaaa (Qill.). 

With these are associated lamellibranchs and gastropods among which are 
Plmrotomaria sp., Oryphaea balli (Stef.) (the most abundant; found in the basal 
Kimmeridgian of Somaliland), Exogyra fourtaui Stef, (ditto), Chlamys sp., Ctend- 
streon proboscideum (Sow.) (a well known English Corallian form), Plicatula 
sp., and PUuromya uniformis (Sow.), regarded by Mr. Cox as synonymous with 
the well known P. iellim and others). The brachiopods belonging to this strati- 
graphical level are: Rhactorhynchia ? attookansis Muir-Wood, 'RhynchonelW 
brevkostata Eitch. (a Cutch form found in the Dhosa Oolite), *Terebratula jhhrensii 
Muir-Wood, 1\ punjabiensis Muir Wood, and Lophothyris curpyptycha (Eitch.) 


* Pal. /nd., New Ser. XX. Mem. 6, 0-10 (1937). 
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(found also in the Dhosa Oolite of Cutch).^ The poorl 7 preserved ammonites 
of this Argovian fauna mostly belong to species known in the Upper Dhosa Oolite 
and the equivalent Kantkot sandstone of the Cutch Jurassic. This fauna ^owa 
closer affinities with the Indos-Malagassy province than with that of the Medi- 
terranean area ; although equivalent in horizon to part of the Spiti Shales, none 
of its lamellibranchs is identical with those which characterise this Hamalayan 
formation. 

The next higher assemblage comprises three limonitic specimens of ammonite 
from one mile east of Burjianwala Laman mz., Blanfordiceras walUchi (Gray). 
Aulacosphinctes cf. proximus (Steuer) and Spiticeraa sp., and ammonite fragment 
identified as Blanfordiceras cf. bdhmi (Uhl.) from near Talidholk, and a few lamelli¬ 
branchs mostly from the former locality, Trigonia ventricosa (Krauss). T. cf., 
retrorsa Kitch. and Plicaivla cf. radioUt Lam. The ammonites belong to species 
found only in the Lochambel stage of the Spiti Shales, and the lamellibranchs 
confirm a position at the base of the Neocomian. 

The highest fauna in these Attock beds belongs really to the Giumal series 
which belongs to the Cretaceous. The Giumal fauna of Attock is under examina¬ 
tion. 


CHITRAL AND THE PAMIRS. 

Chitral.—The high mountainous country comprising the upper valleys of tlie Lutknh and 
Arkari in northwestern Chitral, is occupied by garnet schists, sillimanitc and ohiastolite schists 
and bands of crystalline limestone, a rock assemblage which represents an altered sedimentary 
series. The alteration is the effect of intrusions of a white, garnetiferous granite, which may 
be parallel to the foliation planes of the schists or may cut them at all angles, the final result 
being a breccia of schist and granite on a large scale.* 

In the upper part of the Arkari valley the amount of intrusive material is small and 
metamoiphism much less. The schists are replaced by comparatively soft shaly beds and, in. 
the Nuqsan Pass (16,000 feet) Mr. Tipper collected a complete belemnite and fragments of two 
others. Probably the schists belong to more than one system, but the fossils proved that the 
beds are in part of Mesozoic—^probably Jurassic—age. 

Pamirs.—In the Pamirs, to the north of the Wakhan Province of Afghanistan, the Sarikol 
Shales (which,) with their “needle** weathering and abundant concretions so strongly resemble 
the Spiti Shales, are regarded provisionally as older; the concretions have so far yielded no 
fossils.* 

In the Kakcheki (Kekchaki), a small tributary valley of the Aksu, not far from the 
Lakhshak Pkss, a hard, grey, siliceous, brown-weathering limestone was observed by Hayden 
overlying the Pamir Limestone. The siliceous limestone, which is thin-bedded and highly 
jointed, was found to contain ammonites, consisting chiefly of Periaphirwtea most of which, in 
Hayden’s opinion, would formerly have been referred to the compiehensivo form. P. polyplocua 
Bern. A cursory examination suggested the presence of forms allied to P. frequena 0pp., and 
P. loihari Qpp. Other specimens appeared to belong to the genera Oppelia &nA Jteineckeia 
one of them closely resembling Steinmauns’ Meineckeia hrarmhoi: a belemnite fragment was 
also picked up. Hayden concluded that the general facies of the fauna is Callovian.* In one 
section this Jurassic limestone stands up in great slabs, the surfaces of which are covered with 
ammonites, and lie in a sharo synoline with an almost vertical southerly limb upon the Pamir 
Umestone. At the head bt the Kekchaki valley the Perisphinctes limestone is overlain by 
other limestones and oolites which may be of Cretaceous age. 

Further west fragmentary and badly preserved fossils, similar to those of the Periaphinctea 
bed of Kekchaki, have been observed about three miles west of the Ayujuli^Kotal between 
Aktash and Salangur, and again at Karasu on the main road from the Alichu Pamir to Post 
Pamirdd, where the fossils occur in dark thin-bedded limestones.* 


1 Pol. Ind., New Ser. XX, Mem. 6,16—23,1937. 
> Gen. ]^. Pec. LV. 38-9 (1923). 

* H. H. Hayden. Pec. XLV, 306, 307 (1916) . 

« Jhid. 307-9 (1916). 

» Ihid. 812 313. 
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On tlM rigbt (id* df ttle OwmoA tnihy, opmslto K«ii|anb*r-B6MM>i< Mttg vfiA k 
zoaggiye limeBtone whioh is presumably tba Pamir limestone, Hayden disodYbred eome dtfk 
gtey, very hard, well-bedded limestones, in places oolitic, occurring in beds of about one xpot 
in thickness. Above these comes b calbaftous shale, very crushed and often slaty, which um 
yielded a few very crashed snd badly prbserted belefnaite fragments composed of whltd, 
crystalline calcite. Periaphii^ea was not found at ^is locality Imt Hayden has soggestbd tftat 
the Belemnitea belong to the upper part of the PafiaphineUM bed. 

MADHAN SLATES OF TltE SIMLA AREA 

In the tectonic window of the Shall area, to the northeast of Simla, beneath 
the Chail Thrust is a sequence composed, as already stated, of the Shall series 
the Madhan Slates and Tertiary be^.^ The first two of these three formations 
are unfossiliferous and of unknown age. If the Shall correspond to the Krol 
series, for which a Triassic age has been suggested, the Madhan Slates, so 
named by Captain Palmer, would fall somewhere between the Trias and the 
upper Eocene (Subathu) and might belong to the Jurassic but this correlation 
is scarcely more than surmise. 

In places the Chail rocks have been thrust over the Shali beds but between 
the Pandoa Khad and Nag Tikar, the prominent peak northeast of the Shali, the 
Madhan Slates make their appearance, lying upon the Upper Shali Limestone, 
the highest stage of the Shali series being absent; this uppermost stage, the Shali 
quartzite, however, comes in a little further on. In other parts of the window, 
beneath the Chails the Eocene beds are to be seen lying unconformably upon the 
Madhan Slates. 

The Madhan is a highly folded slate series, to which the only beds that show 
any resemblance are the very variable Jaunsar series. The most frequent types 
are rusty brown or grey, finely jointed slates, showing occasional smooth planee 
in which a green mica has developed. Interbedded with these are greyish or white 
quartzitic sandstones, in the midst of which occur beds of blue clay dug out by 
villagers for plaster-making. Vein quartz is frequently found in all these beds. 
Beds of purple gritty quartzite and purple shale are in many places included in 
the sequence as well as cream and lavender slaty shales. 


THE TAL SERIES OF SIRMUR AND GARHWAL. 

This is a convenient place in which to describe certain beds which underlie the 
Nummulitics in southwestern Garhwal and are not entirely unfossiliferous. Ori¬ 
ginally discovered by Mr. Medlicott in the Tal valley immediately east of the 
Ganges, they are consequently referred to as the Tal beds, and are interesting by 
reason of the fact that they contain the only Pre-Tertiary organic remains hitherto 
recorded in this section of the Lesser Himalaya, south of the main snowy ranged 
The mapping of Middlemiss and Auden has shown that the Tal beds occur in 
four separate baains, extending over a total length of outcrop of 110 miles^ 
West of the Tons river, on the north side of the Giri, the same beds have 

Rep. JBee., LHI, 1 (1921); IM LXI, 26 (1928); Ibid 74,122^168 (1939). 

Ill, pt. 2,69 (1864). 

^n. Rep. 72, 82 (1937). 

9 GSI/64 45 
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b^n reoogmsed to the northeast and east of Dadahu by Mr. J. B. Auden who 
distinguished in them two subdivisions. In this eastern part of Sirmur State 
the beds occupy two synclinal basins, their outcrops being entirely surrounded 
by beds of the Krol series on which they rest stratigraphically. The scenic 
changes from the rugged, cream-white limestones of the uppermost stage of 
the Krol series to the soft, dark shales and graywackes of the Lower Tals, and 
from these to the pale, cliS-forming Upper Tal quartzites are described as 
striking^. The beds have been divided as follows*; 

fDark limestones and calcareous sandstones; quartzites ; 

I shales. 

Upper Tals. Massive arkosic sandstones or quartzites; pebble beds; 

j shales. 

(^Alternating quartzites, often pebbly, with shale or slate. 

Micaceous shales or slates with a few quartzites. 

f Thick series of carbonaceous shales and dark graywackes, in 
Lower Tals. massive beds marked out by finer banding and current- 

j bedding. These pass laterally to tough slates and phyllites. 

(_ Black chert beds and carbonaceous shales or slates. 

The thickness of the Lower Tals in the western basin varies from about 1,800 
feet at the western end to 3,600 feet at the eastern ; in the eastern basin it probably 
does not exceed 2,000 feet. In their slaty form the Lower Tals can be mistaken 
for the Infra-Erols ,• when uncleaved they are usually distinguishable from this 
formation by their more massive bedding and by the abundance of dark graywackes, 
many of which are highly calcareous. The carbonaceous shales readily bleach, 
but in a uniform manner and not in rings as they do in the case of the Infra-Erols. 
fiipple-marks are sometimes seen. 

In the eastern basin the Upper Tals, when not reduced by thnist-faultu^, are 
about 2,000 feet thick in the western basin, where the sandy limestones at the 
top have been preserved, the thickness is probably greater. The most characteris¬ 
tic strata of the Upper Tals are quartzites which vary in colour from white to pale 
green and are generally arkosic; purple sandstones are occasionally found. Cur¬ 
rent beddii^ is universal and ripple-marks are common. Many of the sandstones 
ate pebbly, the pebbles coixsisting of vein-quartz, green slate and abundant pink 
felspar, the latter up to 10 mm. in length. The felspar ingredient shows a decrease 
in coarseness from west to east. The micaceous shales interbedded with the 
quartzites are purple, red and green in colour; some of them show evidence of 
ezposi^ to the air and represent sun-cracked mud whose turned-up edges became 
filled in with later sand-washings*. In proximity to the Guma thrust fault the 
shales have been converted to puckered phyllites. In the northern part of the 
western basin clay slates are common. The limestones, unfossiliferous in these 
Sirmur exposures, are always dark, sarniy and current-bedded. Over the Tal 
rocks east of Oehra Dun two units have been thrust, oite consisting of Mandhali 


t j. B, Auden, Am., LXVn, 386 (1933). 

* The Upper Tab of Auden’s scheme inolude both the Lower and Upper Tab of Ifiddbmbs; 

Auden’s LowerTab are pmotioally absent in the area map^ by Hiddlembs, As., 
inOsAwal. 

* J. B. Auden, Bte., LXVH, 386 (1933). 
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beds and tbe other of ChaRdpurs', A fossil band found by Auden in the Deto 
Dun district, between Silla and Bigalgarh, probably occupies the same possition 
as that found b;^ Middlemiss in the Upper Tal limestone east of the Ganges; it 
is a dark shelly limestone full of broken famellibranchs and brachiopods. 

The Tal series, corresponding almost entirely to the Upper division of th® 
formation, has been recognised by Middlemiss in the Lesser Himalaya east o* 
Hardwar, in continuation of the section in the Tal, a tributary of the Gangest 
discovered by Medlicott, and again 25 or 30 miles to the southeast, in the Pillani 
valley, south of Lansdowne hill station. In the former of the two areas the Tal 
beds lie unconformably upon an older series of purple slates and boulder-beds, 
the two being folded up together and thrust over the Siwaliks along the great 
boundary fault; separating this belt from the crystalline schists of the higher 
slopes is a thin band of nummulitic shale. Below Lansdowne the Tal beds lie be¬ 
neath a massive limestone^, and again along the other boundary are in contact 
with the narrow band of nummuUtic shale. 

In Garhwal the Lower Tals are practically absent. Fossils were found by 
Middlemiss in a rock varying from a grit to a quartzite, with here and there a ten¬ 
dency to become calcareous or conglomeratic. The fossils, found on the west 
bank of the Pillani river, comprise corals, belemmites, lamellibranchs and gastro¬ 
pods, usually all of small size, and indicating a Mesozoic-probably Jurassic age. 
The basal rock is a rather coarse millstone grit, with quite distinct, slightly angulai 
quartz grains, of a milky white or smoky colour, set in a pale yellow, earthy matrix; 
on weathered surfaces the white grains of quartz stand out against a black back¬ 
ground, unlike any other rocks in the neighbourhood. The conglomerates difEer 
merely in the larger size of the quartz fragments whicn retain their slight angularity. 
The calcareous varieties never become pure limestones but always show the blebs 
and grains of quartz on an indigo-black weathered surface*. This coarse grit, with 
its calcareous and conglomeratic varieties, passes up by insensible gradations 
into a white or faintly violet, compact, massive quartzite of large thickness. 

The Jaunsar and Upper Tals were, in the opinion of Auden, probably formed 
under almost identical delto-continental conditions, and are closely similar in 
character. The Upper Tal quartzites as compared with those of the Jaunsar 
series are generally whiter, less horny, not so markedly permeated by quartz, 
poorer in plagioclase and not nearly so rich in toummaline. The shales and clay 
slates of the Upper Tals lack the phyllitic and tough slaty condition usual to the 
corresponding types in the Jaunsars. 

THE NAPENG AND THE NAMYAU FORMATIONS OF BURMA. 

Age.—^In the Northern Shan States of Burma two more or less associated 
formations have now to be considered, are known as the Napeng stage and the 
Namyau series. Until recently the former had been regarded definitely as of 
Rhaetic age and the latter as belonging to some higher stage of the Jurassic, 
probably to the Callovian or Combrash. The question of their age will be more 
fully discussed in the sequel. Suffice it to s^ for the present that although, for 
various reasons, it has been suggested by the French geologists of Indo-China, who 

* Gen. Rep. Em., LXXI, 74 (1936). 

* Desoribed as ** of Krol type”. Bee., XVm, 76 (1865). 

* 0. 8. Middlemiss, Bee., XVm, 74 (1885). 
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la^fi Motived oditetotabto bedfi in 861^1 parts of that ooithtiy^ tiiAt tile Na|K»^ 
and IltSmyaia are but diffi[|reit of l^e Korib cht Dppeir IKas; lAis soggested 
ohange bf view iS tot in every way aoosjptable and the t^o Bitfbieee fotlnations 
are retained, for the present at least, in the stratigrat^ical ^oaition hilheito 
awgned to them. At the same time, it is admitted by La Touche, who christened 
the Burmese rocks, that sections in the field are everywhere so obscure that 
the esact relations between the two formations have not yet been ascertain^^ 
!nie Napeng stage has an in^viduality of its own and is readily distinguidled 
from the Namyau series. 

TEIE NAPENG STAGE. 

(i) HSIPAW NORTHHERN SHAN STATES. 

Ihtrodaotion. —Above the Plateau Limestone in Burma comes an important 
break, and there is a gap between the top of this formation and that which follows 
which, if not of Bhaetic age is not likely to be older than Upper Trias. After the 
deposition of the Plateau Limestone, probably during some part of the Triassio 
period, the Shan-Tunnan area was elevated to form land, which became worn into 
hills and hollows before being again submerged. In the hollows then accumulated 
the Bhaetic diales and limestones. This renewed submergence of a country of 
raised reefs was elsewhere characterised by the sporadic deposition of coarse 
beaches made up of well rolled pebbles of the Plateau Limestone as well as of older 
underlying rocks. The beds next laid down are very different in character from 
the beach conglomerates and from the Plateau Limestone, and are capriciously 
distributed as well as variable in composition. That parts of the plateau region 

Burma lay beneath the sea as late as Cretaceous times is proved by the marine 
fossils of that age recently discovered in one of the Northern Shan States. 

Llthogical Composition,—The prevailing type of the Napeng beds is a yellow 
or variegated shale or indurated clay, not unlie the Devonian Wetwin Shales in 
appearance. In places it is impregnated with calcareous matter and passes into 
clunchy sandy marls or tough, tlun-bedded, argillaceous limestones. Interstratified 
with the shales of this formation, especially at or near its base, are beds of hard, 
dark blue limestone which, when it contains no visible fossils, is indistinguishable 
from some of the Feahian varieties of the Plateau liimestone. Occasionally 
fossils are to be seen weathered out on the surface, but the only determinable 
remains are those of one or two corals; in thin sections the rock is seen to be 
crowded with fragments of shells, echinoid spines and foraminifera^. 

—About half -a-dozen patches of these rocks of varying size are 
scattered over the State of Hsipaw, in most cases as outliers, accompanied or not 
by the younge^ Namyau beds, upon the Palteaii Limestone. The relations of the 
Napeng b^e to "the rocks both above and below are described as obscured^. 
The boundary pf the Namsaw oul^rop is mapped as an unfaulted 

cohta^, l^arfly with the Naungkangyi senes (Ordovician) and partly with 
the Na]bhsh& Sandstone (^ilntiah). The largest outcrop is that Which hbs 
furnish^ habit bf the lessila and lie! to the east and southeast of NapeUg^ a stiiUl 


K Mem., XXXIX, pt. 2,286 (1918). 
•./6fd286. 

K (Sen. Bep. Bee., XXXVH, 23 0908). 
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jfllBge after which the formation has been named. Two outlying patchw lie 
far to the eae^, on the southern flanks of the Loi-len range, and another very janatt 
exposure is situated near Man Sam on the trade route leading north from Hsiphw* 

A patch of Napeng beds exposed in the neighbourhood of the Shan village of Na 
Keng is the most northerly one so far known. 

Mode of accumalation.—The general absence of the Napeng beds between the 
extensive outcrops of the Namyaus and the Plateau Limestone on which they 
repose can scarcely be due to partial denudation of a continuous formation, 
and appears rather to indicate restricted deposition of the older stage. 
La Touche visualises during the Ehaetic epoch “a wide expanse of coral re^s, 
raised for a period to a sufficient height above sea-level to be exposed to denuding 
agents and worn into ridges and hollows, many of the latter perhaps cup-shaped 
depressions similar to those which are being formed at the present day. If an 
irregular surface of this kind were gradually covered by the waters of the sea so as 
to be just awash, it would be natural that the sediment, most of it of an extremely 
fine character derived from the residue left by the degradation of the limestones 
still above water, would silt up the hollows, some of which might be at times cut 
off from communication with the open sea or from each other”. Such localization 
in deposition would at the same time account for certain peculiar variations iU 
the nature of the fauna. While many of the shells, for example, in the broad 
Napeng area are of large size and some of them‘especially-those of Gervillia &nd 
Myophoria are very massive, those in the small Loiden patches are ill-developed, 
extremely thin and stunted in size ; according to La Touche the latter deposits may 
have been formed in small, more or less isolated depressions in which suitable food 
was scarce. Again, two miles north of the first railway station east of the Gokteik 
Gorge-Nawngping a bed of shale exactly similar to that of Napeng has yielded a 
meagre fauna which may well belong to the same epoch but is totally different in 
character from the normal fauna, and consists of indetermiable fragments of 
decapod Crustacea—prawns and shrimps of unknown genusu-frangments of a 
large Posidonomya and a small Lingula. On the opposite side of the railway 
line La Touche found what he deduced to be the edge of an old depression or '^sink- 
hole” in the Plateau Limestone, lined with a calcareous deposit containing nume* 
rous casts of minute gastropods and bivalves of Lower Jurrasic age —Pteria sp., 
Worthmia sp., Laxonema(\) sp., Aciaeonina (i) sp.; this calareous lining has 
every appearance of being an ancient tufa or traverting deposited arou^ 
edges of the sink-hole while the more central portion was being filled up with 
silt. 

The Napeng beds are occasionally horizontal or nearly so, but their characteris¬ 
tic structural feature, according to Dr. Goggin Brown, is extreme disturbance: 
such contortion and disturbance are especially noticeable in the type area and, 
irregular though they are, are probably attributabl to earth movement and not 
to underground solution of the limestone floor, as was at first suggested. 

Fauna.—Most of the members of the copious Napeng fauna are cmsh^ 
and distorted. The following is a list of the forms determined by Miss Maud 
Healey^. 

Axthozoa.— 

Lophomilia praeeursor Heal., 

laaatraea eonfracta Heal., 

^Pal. Ind., New Ser., vol. II, Mem. 4. (1908). 
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Bbaobiopoda.-- 
Lingula nammeMii^Heal. 

L iIrtLLlBSAWOHIATA.— 

Pdlaeoneihfibtdaria Heal. (Closely resembling Leda tatei Newt., Lower Lias of Arran), 

„ nanimensia Heal., 

„ eurvirostria Heal., 

},, whitehurchi Heal,, 

Nueula peelii Heal., 

Orammatodon lyeetti Moore., 

„ {Catella) latielava Heal. (Striking^ like Arcoptera conaliculata Kittl. from the 

Upper Huschelkalk of Yugoslavia). 
pinna of. hlanfordi Boettg., (Bhaetio, Sumatra), 

Conoaardium auparatea Heal., 

OerviUia ahaniorum Heal., 

,, praecuraor Quenst. (Bhaetic, Europe), 

„ rugoaaHtaX,^ 

„ napengenaia Heal., 

Boemeaia filoaa Heal., 

CaaaianeUa cf. aubapecioaa Mart. (Bhaetic, Europe), 

Pema obruta Heal., 

Pteria ( Avicula) coniorta Portl. (Bhaetio, Europe. Of wide distribution in the Napeng 

beds), 

Alectryonia of. haidingeriana Emm. (Bhaetio, Europe), 

Myophoria napengenaia Heal., (Abundant, and showing oonsiderable variation; belongs 

to Freoh*s group of Af. coatata Zonk. cf. espeoially Hemicard^ 
* turn myophoria Boettg. of the Bhaetic, Sumatra), 

,, Unuia Heal. (Close to M. chenopua Laube which is difficult to distinguiidi 
from M. inequicoatata, both from the Upper Trias of the Alps). 

„ f of. eifimertcAu Winkl. (Bhaetio, Europe), 


PacUn (Syncyclonema) quotidianua Heal. (Belongs to the Triassio and Bhaetio group of 

Feotens), 

„ (AequipeeUn) hanzandi Heal., 

Plicatula (Paeudophzcunopaia) carinata Heal., 

„ diffieilia Heal., 

Placunopaia or. mortiUeti Stopp. 

Anomia napengenaia Heal. 

Modiolopaia gonoidea Heal. 

Modioia frugi Heal. 

Burmeaia latouchei Heal. 

,, lirela Heal. 

Prolaria aoUaai Heal. 

Thraoia priaea Heal., 

Ouepidaria sp., 

JDoMi oadUaria Heal. 

AatarU sp., 

laoeyprina of. etoMi Bomem. 

„ manea Heal., 


(Bhaetio, Europe). 

(of. A, irregularia Terq. from the Lower Lias Europe), 
(Identical with the casts known as Plenrophorua dongatua(9))t 
(Moore, from the Malay Peninsula), 

(Genus related to the Pholadomyaoidae and Anatinidae), 

(Genus allied to Burmeaia)^ 


(A new genus), 

’ (Bhaetio and Lias, Europe), 


Cardita aingularia Heal., 

B^iludna mona Heal., 

Proioeardia contuaa Heal. (Yery variable; olose to P. choffati Bohm, Lower Lias 

of Portugal, to P.phillippianaDmik, Lias, Europe, and to 
P. rhaeiiea Mer. from the British Bhaetic), 


Cardium nequam Heal., 
Cmtocardium f sp. 
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SOAPHOFODA.— 

Dentailium sp. 

Gastbopoda.— 

PromathiUa exilis Heal. (Very close to P. ammoni y, Wohr., P. siuorensis Sittl. and 

P. antonii Kittl. from the Upper Trias of Europe; and 
to Cerithium mariinianum d* Orb. and Turritella 
humberti Mart, from the Lower Lias of Europe), 

f, acedeata Heal., 

Turritella [Meaalia) sp., 

Loxonema sp., 

Scaktria (?) exigua Heal. 

Moerkeia (?) burmensis Heal. 

The above fauna comes from the shales. One of the bands of limestone near the 
base of the stage is seen, when sectioned, to contain numerous minute foraminifera 
including representatives of the Lituolidae, Milliolidae and Textulariidae. We 
know nothing more than this of the fauna which built up the limestone bands 
except that sections of brachiopod and gastropod shells and of echinoid spines are 
not uncommon in places ; the predominance of lamellibranchs in the shales, to 
the almost complete exclusion of other forms, therefore, is urobably due to, or 
exaggerated by, the solution and obliteration of the latter to form the limestones. 

Mr. La Touche calls attention to the significant fact that, whereas in the Padauk- 
pin, Wetwin and Permian faunas found at varying levels in the Plateau Limestone, 
only 15*5, 26*6 and 7*7 per cent, respectively of the species were new forms, in the 
case of the Napeng assemblage no less than 53 per cent, were found to be new ; 
not only was this the case but it was also found necessary to establish three new 
genera among the Napeng specimens, Datta, Burmesiu and Prolaria, 

The abundance of such genera as Myophoria, Pecten and Cardium, give a Meso¬ 
zoic character to the fauna, and the Bhaetic age of the latter was considered to be 
definitely proved by the presence of Pteria (Avicula) contorta Portl., the zone 
fossil of the stage, and of Grammatodon lycetti Moore and Gervillia praecursor 
Quenst., both characteristic fossili^ of the same horizon, as well as of several species 
closely resembling Bhaetic forms, such as Cassianella cf. suhspedosa Mart., tsocy* 
prina cf. ewaldi Bornem., Myophoria cf. emmerichi Winkl. and Placunopsis cf. 
mortilleti Stopp. At the same time the assemblage includes what must be looked 
upon as three survivals from Palaeozoic times in the genera, Conocardium (?) 
Modiolopsis and Palaeoneilo, The presence of the last, an American genus, parti¬ 
cularly abundant in the Devonian Wetwin Shales, as we have seen, intenafies 
the close resemblance which these shales lithologically bear to the more argilla¬ 
ceous portions of the Napeng beds; in fact, the two sets of beds, although of different 
age, appear to have been deposited under much the same conditions and to owe 
their peculiarities to unusual bionomical surroundings. 

Becently the doubts which originaly surrounded the age of the Napeng bed 
have been revived. Out of 40 species composing the Padang series of western 
Sumatra, a formation whose neo-Triassic age is claimed to be clearly determined# 
11 exhibit a close resemblance to the most abundant and most characteristic 
Napeng forms, such as Oemllia praecursor Quenst., Syncyelonenus qxiotidianug 
HeaV'-, and Myophoria napengensis Healey. The same similarity is seen in the Mi- 
sol fr una of the Moluccas which is assigned to the uppermost Trias by reason ofits 
cephalopoda, NeotibelUes, Sagenites and Sibirites ; out of 39 species, six are Na¬ 
peng forms. Again the Tembeling series of Singapore has yielded Syncychnma sp# 
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and oasts of ModkHoptis gonoidet Healey, bnt not Pteria eotUorta ; foe these beds 
Hr. B. B. Newton has saggested an Upper Tnassio oi Bhaetio age, Dr. Weir an 
infira-Bhaetio^. Lastly a fauna including a lamelibranch which, if not absoluteljy 
id^ptical with ncipe^veNets Healey, is ip more than a variety of t^ 

vanabie fiarpx, and other typical Napeng spedes, has been recorded in a few localities 
in Laos and Tonkin. At Con Tagne, some 60 miles away from the Shan States 
border, a series of clay shales, resting on limestones ofFalaeosio appearance, 
have been found by M. Jacob and Dussault to contain a typical Napeng fauna 
iuoluding many species of the Myophoria and of Pectm qmtidiomm ; out of 13 
species identified by Capt. Patte no less than 8 are typical Napeng forms and 3 
are closely allied*. A comparable form to the Bhaetio fossil, Ptma contorta, is a 
member of this assamblsge which is so closely skin to the Burmese fauna has to 
deserve being recorded in full: 

LUIKLUBBAltOHlATA.— 

Grammatodon egntagnensia. 

Hoerneaiafilosa Healey, 

„ sp. (the equivalent of Miss Healey’s Caasiandla sp. No. 3.), 

Avicula {Plena) of. contorta, 

Caasiandla duasaulti, 

Myophoria napengenaia Healey, 

„ emmrichi Winckler, 

Pecten quotidianMa Healey. 

Burmeaia lirata Healey, 

Thracia priaca Healey, 

Cardita aingularia Healey, 

Cardium aff. nequam Healey, 

Protocardia aff. contuaa Healey. 

At Muong The, in addition to the Burmese species, Lingula nanimensis, Burmesia 
lirata, Pectm quotidianus, and Cardita eingularis, and to other forms comparable 
to Napeng species, there have been found three Himalayan Noric fossils, the lamelli- 
branen Anodontophora griesbachi Bittn. and the two ammonites AMtibdites cf. 
TcAuini, and Tibetites aff. perin smithi Mojs. ^Although the two ammonites are 
only comparable or related forms, their genera are said to be unknown outside the 
Noric stage, and it is mainly on the strength of these two cephalopods that the 
French geologists, more especially M. Fromaget, have come to regard the Napeng 
fauna as Noric’. So far as the somewhat conflicting evidence goes, it seems not 
unlikely that the beds we have been considering all belong to a formation which, 
although striding as a whole an appreciable thickness of the stratigraphical column 
—Upper Trias to Bhaetio and per^ps beyond—is represented by fragmentary 
and sporadic depomts differing from one another in age to a small degree although 
possessing a strong family resemblance in their separate faunas. The fauna at 
Muong The, for instance, has yielded the following assemblage determined by 
Captain Patte: 

BaaqHZOPODA.—* 

Lingula nanimenaia Healey, (Napeng). 

Laksxxibbakohuta.-.- 
' PeeknmkinenaiiJgi^ug ny.. 


’ J. B. Sorivenor. **Heolpgy qi the Malay States, ” 64 (1981). 

’ Mem. Serv, geed. fndo^ehine, vol. IX, faso. 1,44(1922) JBtM. 8m, geci, Indomchine, voL 
Xin,faso.iV. 48 ( 19 t 4 ). 

’ fiuil. 8m. geA Indc-OUna, voh XVIll, faso. 5 s J Oeggin Brown, Bee. LXXl, 192 
(I960). 
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BitTfiMfis lifoto H^ley (Nmng), 

Cardiia sinavJari^ Healey (Mpeng), 

PaoMcardila aff. erenoto Goldf. (Ladinie of St. Oassian), 

4ni4QnUfhora aff. tri^esfoijMit Manmy (Trias of Na Cham), 
jtyophona mpenge^ Patte nop Healey (Napeog). 

„ aff. eostwata Bittn. (Lower Trias), 

Otusiandla anguata Bittn. (Ladinie and Upper Trias*) 

Obpbalofoda.— 

Anatibetitea of. kdvini (Himalayan Norio), 

Tibditea noy. fip. aff. perrin-amithi Mojs. (Himalayan Noric). 

and in the same band elsewhere, a form very characteristic of the Himalayan 
sNoric, Anodontophora grieshachi Bittn. 

Considerable though the resemblances are to the Napeng, there seems no reason 
against regarding this Muong fauna as belonging to an older stage of the series, 
of which the beds at Napeng form a part. Pteria contorta is absent from the former, 
just •as the Noric ammonites are missing from the Burmese beds. Until some¬ 
thing more definite is known of the inter-relationship of all these faunas it seems 
preferable to restrict the term Napeng stage to the beds at Napeng and Con Tagne 
and to regard them provisionally as Rhaetic and probably younger than the other 
beds referred to above in Indo-China, Sumatra and Moluccas. The fauna from 
Euang-shang, about four miles from Naku, in southern Yunnan, suggests in some 
respects the Napeng beds but, like the Indo-Chinese, Sumatran and Moluccan 
has more Triassic than Bhaetic affinities ; it has been described under the heading 
of Trias (p. 902). The statement that the Napeng fauna has a comparatively wide 
distribution in southeast Asia is not strictly true if the term be restricted as sug¬ 
gested, but there is no doubt that the changes in the relations of sea and land which 
accompanied the deposition of the beds in the Shan States must have affected 
also considerable areas in Indo-China, Yunnan and elsewhere either during or 
just before the same epoch. 


(ii) NORTH HSENWIi 

Northwards, in north Hsenwi, according to Mr. Hobson, the Plateau Limestone 
appears to pass up through passage beds into a fossiliferous Bhaetic stage. The 
^‘passage beds”, for which a Notic age is suggested, consist of dark grey, 
unfossiliferous, thin-bedded limestone with inter-bedded sandstones passing up 
into carbonaceous sandstones'. 

The Bhaetic beds, exposed in the neighbourhood of the Shan village of Na 
Eeng, comprise yellow or purple clays, grey shales, dark blue, compact limestones 
and grey, argillaceous limestones. These beds have yielded an interesting fauna 
which, while indicating affinities with the Napeng fauna through such forms as 
Palaeoneilo mnimensia Heal., Devdiluoina mowi Heal., PromcUhilda exUis Heal., 
and Peden h^tmdi Heal., is, on the whole, distinct therefrom. The absence of 
the Burmesiidae and of the zone fossil, Pteria (Avicula) contorta Portl. is signi-* 
ffoant. The majority of forms belong to undescribed species. Of the lamdU- 
branchs there are Modiolat Cardium, Protocardium and a new species of Pecten ; 
1 ^ ringlo specimen of Posidonomya has been obtained. Of gastropoda a new species 
of Phafotomaria occurs very profusely in one of the limestones*. The beds 
occupy a tract about 26 miles long, north of the Nam Tu. 


i Qea. Bep. Bee., LXHI, 92 (1930). 

• Gen. ]^. Bee., LXV, 87-88 (1931). 
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In the Himalaya no trace of a Bhaetio fauna has so far been discovered in the 
Me^lodon or Kioto limestone ; either there was no deposition during that epoch, 
or its organic remains have suffered complete solution to unfossiliferous layers of 
limestone. We have no means, therefore, of comparing the life assemblages of 
the two regions; all that is certain is that the shaly facies of the Burmese Bhaetic 
is not present in Eumaon, Spiti and Kashmir. 

NAMYAU SERIES. 

HSIPAW STATE* 

Relationships. —^In the one or two esposures where the Namyau beds are 
in contact with the Napengs, no sign of a stratigraphical break has been noted. 
It has always been assumed, chiefly on palaeontological grounds, that the 
Napeng is older than the Namyau formation but, although the latter is spoken 
of as following the former, the mutual relationships of the two formations 
are described as obscure^. It has been claimed, that fossil evidence points to 
a gap between the two, covering a considerable period of time and represented 
in other parts of the world by several thousand feet of strata. Becent work in 
Indo-China, however, tends to minimise the difference in age, and a careful revision 
of the Namvau faunas and the establishment of their correct stratigraphical posi¬ 
tion in the formation are desirable. The non-sequence between the Napeng stage 
and the Namyau series is emphasised by a well marked contrast in lithological 
character. In most cases the floor of the Namyau sediments is the Plateau Lime¬ 
stone, and here the junction is one of unconformity*. 

Distribution. —^The Namyau formation, which is an easily eroded one, must 
have once covered a very much wider area than it does today ; no occurrence of 
it is known west of the Ookteik Gorge and the western part of the Shan 
plateau is entirely devoid of its sediments. A broad belt of these rocks strikes 
through the town of Hsipaw, with a general N.N.E.-8.S.W. direction, for over 50 
miles with a maximum breadth of 16 miles, and occupies a long section of the 
Mandalay-Lashio railway line; the series is sepecially, well developd in the 
valley of the Namyau river. 

The beds crop out again east of Lashio, and there are three or four 
smaller outliers on the Hsipaw plateau to the east of the main belt. 
These are all patches of what was once a wide continuous spread 
of these rooks. Only in two places do the Napeng beds intervene 
between the Namyaiis and the Plateau Limestone, On nearly every side 
and throughout nearly the whole of its length the main exposure of 
Namyau beds is in contact with the Plateau Limestone; towards south the 
boundary on both sides is faulted but northwards it is that of a large outlier upon 
the limestone, and as such it must be regarded, lying inconformably and owing 
its preservation, partly at any rate, to the faults which have let it down into the 
levels of the limestone. One Outcrop of the Namyaus in the northern part of 
South Bsenwi overlaps the Plateau Limestone on to the Chaung Mgyi rooks; 
along its nortWn boundary it is in faulted contact with these old rocks. 

lithoiogtcal Character.-— Forming the base of the series are banks of coarse 
conglomerate which, howev^, are by no means continuous and appear to mark 
the position of local beaches. Good examples are to be seen in ^e Nam Tu^ a 

V T. H. B. La Tctiehe Mem, XXXIX, pt. 2,266 (1013). 

* J. Co^ Brown, Bee., XLVIU, 164 (1917). 
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abort distance above the Ta-ti ferry which lies on the trade route leading 
north from Hsipaw, and also at Htengnoi lower down the same river. Tma 
conglomerate consists of well rolled pebbles of the Plateau Limestone and of the 
more ancient rocks, set in a sandy, calcareous matrix.^ The rest of the series con¬ 
sists essentially of sandstone, with quite subordinate thin bands of clay and, in 
the lower portion of the sequence, thin bands of limestone. Most of the clay 
bands are of a red colour and occur throughout the whole thickness of the forma¬ 
tion, sometimes between the limestone bands; occasionally they are carbonaceous. 
The total thickness of the clay bands, like that of the limestones,shears a very 
small proportion to that of the sandstone, and the sub-division of the eries sugges¬ 
ted by Buckman into the Namyau Limestones below and the NamyauShales 
above is quite untenable*. 

The whole of the Namyau series is distinguishable by its dark red or purplish 
colour, though pepper-and-salt sandstones and yellow clay bands are occasionally 
interstratified especially in the higher levels. The sandsontes, as a rule, are soft 
and friable, seldom hard enough to be used for building purposes, and sometimes 
beautifully ripple-marked. The limestone bands, none of them more than a few 
feet thick, are very uniform and often persist for several miles. They are very 
compact and fine-grained, often argillaceous and abounding in fossils, passing 
into shelly limestones. Being easily weathered these limestone bands form no 
conspicuous feature on the surface but, by theiz vertical position or generally 
high angle of dip, wijbness to the disturbance the rocks have undergone. 

Physiography.—^The sandstones yield readily to denudation and invariably 
occupy an intricate net work of ridges and ravines with no marked uniformity 
in direction covered with dense and almost trackless forests. The magnificent 
falls of Manlong-Mansang on the Namyau river owe their existence to the 
more rapid erosion of the red Namyau beds as compared with that of the 
Plateau Limestone, against which they are let down by a fault crossing the 
river at the base of the falls. 

Thickness.—Several thousand feet of the Namyau beds have survived 
denudation, but the obviously enormous amount of erosion, the absence of 
continuous sections and of an upper limit, coupled with the great disturbance 
of the beds and the prevalence of faulting, make even an approximate estimate 
of the total original thickness impossible. 

Fauna. —^Fossils from this formation, extracted by roasting*, have been collected 
almost entirely from the bands of limestones, which{[are said to predominate in 
the older portion of the succession. Following the implication of early surveys 
Buckman suggested that the Namyau series could in this way be divided inta 
a lower and an upper division, the latter made up mainly of shales and the former 
mainly of limestone bands, from a few of which are derived the fossils so far exa¬ 
mined. According to La Touche (private communication) the so-called shale 

^ T. H. B. La Touohe Mem., XXXIX, pt. 2, 303 (1913). 

* Private oommuniaationfrom Mr. La Touoh.e See aUoM. R. Sahni, Bee., LXXI, 227 (1936); 

Pal Ind., New Ser., vol. m. Mem., 2.216 (1917); Also C. S. Fox. Bee., LXm, 185 (1930), 

* Probably Mr. La Touohe was not the first to discover this ingenious method of fossil ex¬ 
traction but 1^ description of the process has led to astonishingly successful results, especially 
in the examination of internal structures, and palnontologists are uner a debt to him and to 
the Shan oooly who unwittingly guided him to &e discovery, ifem., XXXIX, 307, note (1913). 

At the same time, ohamoters such as sulcation, plication, areolation and features con¬ 
nected with the beak, according to Dr. M. B. Sahni, are apt to be adversely affected by burning. 
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bazi^da, wUqli are xqally bandq of clay, are scattered tlirou^QUt whole fyx^ 
matron wliich is ma^y arei^M^eous, and some of the latef safveys seem 4 k> poinfi 
^ a more even distribution of the limestones also. The rich braqbippod ocHleclr 
ions, which quite possibly come from more than one horizon—a suggestion bonia 
put by internal evidence of the assemblage itself—have been examined by 
S.S.Buckman, who is of opinion that they indicate a Bathonian age (Great Oolite 
to Cornbrash). According to Dr. Cowper Beed, both from their afBinitiee and 
the nature of the matrix in which they occur, the few lamellibranchs^ examined 
by him belong to two slightly different horizons; the older of these, a greenish, 
compact, calcareous mudstone with scarcely any brachiopods is assigned by him 
to the Bathonian, while the younger, composed of a bluish, argillaceous, limestone 
or blue clay with abundant brachiopods^, possesses a lamellibranch fauna 
suggestive of the Cornbrash^. Incidentally the latter is considered to be equi¬ 
valent to a small fauna collected by Coggin Brown in Yunnan. The genus Bur- 
mirhynchia has since been found widespread in Europe, Africa and other parts 
of the world in the Oallovian and Bathonian. On the other hand, Hohothyris^ 
a sub-genus which shows close resemblances to Aulacotkyris, has so far not been 
found outside the Shan States and Yunnan^. It is remarkable that not a single 
oephalopod of any kind has been found in the Namyau rooks of Burma to match 
the copious ammonite faunas of the Himalaya and Cutch, belonging as they are 
supposed to do to much the same part of the Jurassic period. lib. Buckman’s 
list of brachiopods, partly amended by Dr. M. R. Sahni, is as follows*; 


JShynchondla (Burmirhyn^ia)^ depreasa JBuokm., 

„ „ Umchei Buokm., 

„ „ Apoknenw Buokm., 

„ „ Buokm., 

„ „ hsenunensia Buokm., 

„ „ hfiipawensie Buokm., 

„ „ ortenkdis Buokm., 

„ „ o6e«a Buokm., 

„ „ subglobasa Buokm., 

„ „ cosiata Buokm., 

ff tf subcoatata Buokm., 


ft 

»t 

ff 

ft 


pinyuis Buokm., 
dattai Buokm., 
ovalia Buokm., 
a^Aovalia Buokm., 
gutHUa Buokm., 
giUta Buokm., 
glcbvliia Buokm., 
pyriformia Buokm., 
aenilia Buokm., 


Having a general resemblance to 
the European R, hopkinaia 
Hav. ; R. ghMua is abo olope 
to R. leedai Walk. 


1 Unfortunately Mr. La Touohe’s collection of lamellibranohs from the Namyaus was lost 
in transit to Europe. A large ooUeotion has since been made by Dr. M. B. mui and will 

shortly be des(ribed* 

* Now being examined by Miss Muir-Wood. 

* A scantier ooUeotion from the same locality was at ftrst referred tentatively to the Oxfordian 

or evmi tOiimwidgUm ty Qopwer Beed. % 

tthe **HdlaoRiiyria hUpkini** of Stefanini from Somaliland is oonsidered by Sihni as pro* 
M]y*a epswies of 3'erabmMf^ 

* m M., Kew Str., v4 m, Meiq., 3(1017); m. vo). Mem* 

^ The diffisrcnoes hehreen meny (tf these variousbr named forme are seareely worthy of 
tq^ifie djetinoticm. 
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BA.THONIAN HORIZON- 

Ostmea (Lioatrtua) davaiaemm Lisa., var. birmanioa Raed, (The speoiea oooura in the Bathonian 

of Maoon), 

»» „ Tar. uncaia Beed., 

,, cf. eaUeola Ziet., 

Exogyra lingulaia Walton 7, 

PUicunopais of. davaiaeemia Lisa., 

Oervillia sp., 

Modicia of. euaeato Sow., 

Modiola of. Ucben^i Lye., 

Nucula of. lateraliB Terq. ft Jour., 

„ of. variMlis Sow., 

Leda of. decorata Bout., 

OucuUaea personata Be^., 

Area {Navietda) aff. minuta Sow., 

„ „ of. aemtda Phill. 

Astarte rwtiea Walton, var., 

* „ of. finbriata Walt., 

„ of. pisiformis Sow., 

„ of. robusta 

„ of. eeyUdis H^oldh., var., 

Ediniodon namtuensis Beed, 

„ namyauensis Beed, 

Praeconia of. rhomboidalis (Phill.), 

Trigonia of. moutierensia Lyo., 

Eoealliata cf. krenkeli Cox, 
laoeardia cf, ooUthica Boll, 

^Mtromya of. gibhoaa (Morr. ft Lyo.), 

Lueina sp., 

Protocardia of. grandidieri (Newt.), 

Anisocardia of. lycetti (Boll.), 

„ cf. tenera (Sow.) 7 
Oreaalya cf. concentrica Ag. 7 
Ceratomya of. bajociana (d’Orb.), 

Ceromyopaia cf. roatrata Bouv., 

Cyprina 7 cf. aubrotunda (Horr. ft Lyo.), 

Thracia of. iweria (Boom.), 

Corbvla cf. involuta Munat. 

CORNBRASH HORIZNN. 

Oatraea {Lioatraea) davaiaeenaia Lisa., var. &i>Man»ea Beed, 

„ „ cf. dubienaia Contej., 

Oruphaea eminena (Beed), (A Yunnan form), 

,, balli Stef., 

„ laahioenaia Beed, 

„ of. tfinaaaai (Biaz Bom.), 

„ 7 cf. eoatdlata (Bouv.), 

1 Aooompanying theae were the braohiopoda, TerebnUida {HcHetAhyria) anguala 
T. (H.) delto, T. (JST.) aapanaa, T. (R.) pinguia, T, (H.) anhoeoRa, BhymdUnUUa 
(Burmirhynehia) aaiatieaf. B. (B,) daUai, B. (B.) globuha, B. (BJ ttrapiUafta, B, (B.) 
tiammaenaia, B. (B.) namituMa, B. (B.) orieutaiia, B. (B.) pUgrimi^ B, (B.) pinguia, B. (B.) 
pyrifomia, B. (B.) aeengenaia and (B.) B. au^riganalia, 

> Aooonmnying them were the braohiopoda Tard^roHiia (JStpMkyria) pinguU T. (rl) 
avbowdia, T, (B.) roatraia, BkynekdneUa (BurmirhyneMa) Manenaia. B. (B.) inaagudUa 
B, (B.) iKimyawefiaM, B. (B.) laaglawnganaia, B. (B.) ovaUa and B. (B.) glbbfdua^ * 
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f!xogyra mvltiformia Koch & Dunk., 

„ cf. monsbeliardensis Contej., 

„ brurUrutana Thurm. (A Ytinnan form), 

„ of. virgula Sow. (A Yunnan form), 

Lopha asdlua (M4r.), yar. namtttensia Beed, 

Migmua of. polytypM £udes-J>esl., 

„ of. rollandi Douv., 

„ of. weiri Cox, 

Pecten (CamptocMamya) luchianyenaia Reed. (A Yunnan form), 

„ {CampionecUa) Una Sow., (Also found in Yunnan), 

Iff „ laminatua Sow, 

„ „ of. arcfMLtua Sow, 

„ „ of. hroumi Cox ? 

„ {Chlamya) of. mrvivariana Dietr.t 

Lima {Plagioaiorm) of. eardiiformia Sow., 

Pteropema decorata Beed, 

Modiola of. imbricala Sow., 

„ of. anguatiaaima Newt., 

Tancredia of. mactraeoidea Lyo., 

Aatarte of. acytalia Holdh., 

Ceratomya concentrica (Sow.), 

„ ef. excentrica (Boem.), 

„ cf. wimmiaenaia (Gill.), 

Paeudotrapezium cf. eatidatum Lyc. 

The unreliability of brachiopods as zone fossils is notorious, and the facts that 
every single Namyau form was a new species, and that nearly all of them were 
assigned to two new aub-genera,, detracted still more from their zonal value. 
Holcothyris has not been found so far outside the Sino-Burmese 
region^. All the lamellibranchs indicate that the two horizons exposed 
on the Lashio-Namtu road may belong, one of them to any part 
of the Bathonian and the other to the Cornbrash. There is, therefore, a measure 
of unanimity regarding the age of the Shan States fossil bands whose content 
happens so far to have been determined, but, until we can be more certain as to 
the precise stratigraphical level at which the various bands occur within the series 
all that can be concluded is that the Namyau series strides a wide sequence in¬ 
cluding, according to the two palaeontologists who have examined the fossils, 
the Bathonian, more especially the Cornbrash. The beds may range downwards 
into the upper Trias, as certain fossiliferous horizons in Indo-China are thought 
to do. The suggestion that the upper portion ranges into the Cretaceous is pro¬ 
bably an exaggeration. Coggin Brown remarks that we may perhaps be dealing 
with a succession of deposits, generally unfossiliferous and mainly of detrital, 
lagoonal and subcontinental types, ranging over the Triassic and Jurassic periods^. 


NORTH HSENWI STATE. 

North of the Nam Tu river the Namyau beds lithologically like the bed 
to the south, have been traced bj|r Dr. M. R. Sahni, for an interrupted length 
of over 50 miles into North Haenwi where they consist dominantly of fine to coarse 
grained purple or pepper-and-salt sandstones with occasional beds of shale and 
a number of limestone bands. The dip is high and the general strike both of t 


1M. B. Sahni, Bee., 71,218 (1936). 
SBeo., 71,204(1986). 
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rooks and of their bonndaijr with the Plateau LitttidstOtiU id KT.Bk^tl.W. fhO 
Namyau sandstones are invariably unfossilifetons, the shales contain but a few 
indeterminable fragments of lamellibianohS) hut m the limestOnesi which are argil¬ 
laceous in character, fossils are numerous, the commonest belonging to the |enutni 
holcothyris and Burmirhynchia^, The following determinations) some of them 
provisional, have been made* : 


OererUhyria ovalU Buokm., 

Hdcothyria avhavalis Buokm., 

„ nMcra Buokm., 

„ angidata Buokm., var. depresaa Sahni, 

„ suhangidata Buoto., 

„ dubcurvata Sahni, 

„ elliptica Buokm., 

,, excavata Buokm., 

„ perplicata Sahni, 

„ acuminata Buokm., 

„ luchiangenaia Reed, var. minor Sahni, 

„ ovata Sahni, 

„ trigonalia Buokm., 

„ „ „ var, pulchra Sahni, 

„ iranaveraalia Buokm., 

„ (^) rotwhda Sahni, 

„ {?) ovoidea SnhnU 

„ (f) micromorpha Sahni, 

„ {f) raoi Sahni, 

Burmithyf^chia depr^aa Buokm., 

„ irragvXaria Buokm., 

,, iranaveraalia Buokm., 


„ regvJaria Buokm., 

„ pinguia Buokm.,^ 

Peeten ^Syncydonema) luchiangenaia Reed, 
„ Bp. nov.', 

Modidla sp. nov., 

Paidla sp. nov., 

Alectrycnia sp., 

Oa^raeu sp., 

Thracia Bp., 

Calcium Bp., 

Protoeardium sp, 


With regard to the age of these beds, there appear to be two separate horizons. 
From Loi-lem, a locality which has yielded no terebratulids, the rhynohonellids 
indicate an age near the Bradfordian (Middle Bathonian), while the terebratulids 
from ikBSki Hkao point to an horizon near the (Tombrash (Upper Bathonian). 

Prolific lamdlibranoh faunas have been found at two additional localities^ 
including speoies.of ladc^ Myti^ AetoHe, Thradidf PeMn, 

these fossils are associated with 

fkunimnm^fs^ Budkm,, B, yenOia Buolisk) ahamneie 

I Oen. Rep. Bee 96-97 (1982); Ibid , LXVH 46 

*J.Ck)ggin Brown. BBe.,LXXl, 1B8-184 (1986) s Gen. Rep. Bee.) to 
M. R. Sahni. Pal. Ind., New Ser., Vol XXX, Mem. 1 (1940). 
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Buckm., B. hpalaienais Buckm., B* namyauemia Buckm., B. depreasa Buokm., 
Holcoihyria cooperi Sahni., H. concava Buckm., concam^ var. aubexpanaa Sahni., 
H.fiexa Buckm., H, excavata Buckm., H* depreaaa Sahni., H. luchiangenaia BeecL, 
H*(?) rotunda^ var. pyriformia Sahni, some of them new species.^ 

As Dr. M. E. Sahni has pointd out^ the Pachham beds of Cutch are relRted 
through the genera, Kutchithyria^ Flabellothyria, Cryptarhynchia and Kutchirhyn^ 
chia^ with the Bathonian of Europe in which species of Burmirhynchia are found ; 
in this way we have an indirect correlation between the Pachham and Namyau 
beds. As alerady mentioned species of Burmirhynchia have been found at Shekh 
Budin in the trans-Indus Salt Range ^in beds believed to be Jurassic ; the genus 
is also known in the Callovian of Arabia and Somaliland, and in the Bathonian of 
trans-Jordania.^ 

THE LOI-AN SERIES AND KALAW RED BEDS OF THE SOUTHERN 

SHAN STATES. 

In the Southern Shan States a succession of red sediments, mostly of an 
arenaceous character, and including more than one conglomerate of considerable 
coarseness and thickness, was recognised by Middlemiss under the provisional 
term of the “ Purple Sandstone Zone ”, and may embrace some portion of the 
Namyau series of the Northern Shan States. As in the north, broad bands of 
these rocks have been let down into the Plateau Limestone by faults. There is 
little doubt that Mr. Middlemiss' “ Purple Sandstone Zone ” also included some 
coal-bearing beds of a facies reminiscent of parts of the Upper Gondwana, though 
deposited outside the confines of the Gondwana continent and belonging geogra¬ 
phically to the Angara peninsula, Cathaysia. 

Recent work by Coggin Brown and Sondhi has shown that two formations are 
present, a lower known as the Loi-an series, and an upper known as the Kalaw 
Red Beds. The so-called ammonites which were supposed to establish the 
Cretaceous age of the latter are not fossils at all but concreuons. Both 
these series occupy inaccessible and al most uninhabited country to the north 
and south of the hill-station of Kalaw, forming a belt to the west of the Shan 
Plateau proper where it begins to break up into long narrow hill ranges se¬ 
parated by deep defiles.® 

The Loi-an series, named after the coalfield three miles east of Ealaw, is exposed 
in folds of a more or less isoclinal nature, tucked into the Plateau limestones, which 
here belong to the dolomitic type, along lines and axes of revej'sed folds and faults.* 
The general strike of the beds in the neighbourhood of Kalaw is N.N.W.- 
S.S.E. and their outcrops, with intervening bands and wedges of Plateau 
limestone have been traced from the edge of the Shan plateau down the 
Panlaung valley in the Meiktila district S.8.E, words beyond Loi-an to 
the vicinity of Inwun. An oifllier of unknown size occurs some fifteen or 

iGen. Rop. Rec., LXVIII, 21 (1934); PaU Ind,, New Ser , vol. XXX, Mem.; 1 (1940j. 

>JRec., LXXI, 220 (1936). 

^Kutehirhynehia also occurs in the basal CJhari beds of Cutch, immediately above the Pach* 
hams, an horizon correlated with the top of the Bathonian. 

M. Muir-Wood. Pal. Ind., New Ser., vol. XX, No. 6,28 (1987). 

®J. Coggin Brown A V. P. Sondhi. Pec., LXVII, 199 (1933). 

•Gen. Rep. 1899-1900,143. 

9 GSI/64 
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sizteeB miles north-east of Taung-gyi. The Ealaw beds lie tmconformably upon 
the Loi-an, and the latter have been affected by earth movements which have not 
disturbed the Ealaw beds. 

The Loi-an series consists of pepper-and-salt or buff-coloured sandstones with 
hard clay or shale partings, thin bands of bluish-grey argillaceous limestons, and 
pockets, streaks and lenticles of crushed, friable coal. The coal is confined approxi¬ 
mately to one horizon; some of the seams, though limited in extent, are of good 
quality but the high dip and prevalent faulting and contortion detract seri¬ 
ously from its value as a fuel.^ The shales may be buff-coloured or car¬ 
bonaceous ; some are hard and fine in grain, others are splintery and crumble 
to powder under the effect of denudation. Some of the bands of limestone, which 
is very difficult to distinguish from certain types of the Plateau-Limestone so 
intimately associated with the series, are comparatively persistent. In the north 
the prevailing rock is a light coloured quartzitio sandstone of varying texture 
which on weathering yields a sandy lateritic soil with pisolites of iron ore. Some 
of the shales contain some tiny Estheria as well as impressions and casts of a small 
unidentifiable brachiopod, while some of the thin bands of limestone are crowded 
with fragments of AUctryonia sp. and crinoid stems. Northwards, in the Legaung 
ridge, the bulk of the series is made up of coarse, quartzitic sandstones, with in¬ 
tercalations of mudstone and shale. Among the latter are irregular seams of pow¬ 
dery coal with plant remains; the AUctryonia limestone is also recorded here.^ 

The coal measures of the Loi-an outlier have been divided by Dr. Cotter into 
three zones: 

c. Zone of coal seams, with plant remains, 
b. Sandstone zone, with traces of fossil plants, 
a. Shalyzone. 

From the roofs of the coal seams was collected a flora whose examination has 
not yet been completed but which includes the following: 

Coniferales 

Brachyphyllum sp. 

Pagiophyllum burmense Sahni, 

Ctipresainocladua {Thuitea) icalkeri Sahni, 

,, burmenaia Sahni, 

Conitea sp., 

Maaeuloatrobua sp. 

This assemblage, identified by Professor B. Sahni’ is labelled Bhaetic or Ju¬ 
rassic. So far it shows no obvious affinity with any of the known Indian 
Upper Gondwana floras, and may prove to have closer relationships with the 
contemporaneous flora of China.’ This suggestion is interesting in that its subs- 
fttntiation would confirm the conclusion that the Loi-an area belonged to the 
Angara and not to the Gondwana continent. Coal of a similar nature to that of 
Loi-an is known in Tonkin, but the flora therefrom has been referred by Zeiller 
to the Bhaetic and by the French Geological Service of Indo-China to the 
Noric: whatever its precise age may be, not a single species can be identified 

iQen. Rep. Bee,, LV, 15 (1923). 
iQexi. Rep. Bee., LXVI, 102 (1982). 

Jnd., New her., voL XI, 98-99 (1931). 

«m,p. 116,119,(1981). 
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with a Gondsaua species. A specimen of fossil coniferous wood from the Loi- 
au beds, half-a-mile east of Loi-an railway station, has been named Mesemr 
hrioxylon shanense by Prof. B. Sahni.^ The coal measures foimd by Coggin 
Brown in central Yunnan are unconformably overlain by a great thickness 
of Bed Beds and have yielded a flora related to that of Tonkin. At Phong Saly 
In Upper Laos a series of shales and sandy shales with abundant plant remains is 
•seen lying below red shales and sandstones; these plant-bearing shales are believed 
to correspond to the lower of the two groups into which the Tonkin flora (Hongay) 
has been divided. 

In some places, especially in the Mwedaw hills and theWetpyuyc area north 
of Kalaw, the Loi-an rocks have been altered and mineralised by the instrusions 
of dolerite. Associated with the porphyry or granite intrusion is the siliciflcation 
which has affected the neighbouring rooks and may have been responsible for the 
gold and copper ore present in the limestones; the latter have been either com¬ 
pletely silicified with an accompanying development of wollastonite, or have been 
marmorised, sometimes to a very pure form of marble. 

Of the Kalaw Bed Beds the most remarkable are the conglomerates, which are 
the predominant type of the formation and are well exposed in the road along 
the Taungwindwin valley. These are of varying texture, composition and 
compactness, and occur at different horizons.® As examples, the band of 
conglomerate froming the narrow, sharp ridge along the east side of the 
valley, is of coarse texture, containing large boulders of hard, purple sand¬ 
stone and smaller ones of limestone derived to some extent at least from the 
Plateau Limestone, all of them embedded in a red, sandy, calcareous matrix; 
on the west side of the valley is a high rugged range, built up for the most part 
by a soft conglomerate remarkable for the large size and angularity of its sand¬ 
stone boulders and the low proportion of its calcareous contents. Through the 
solution of the latter, the Kalaw conglomerate bands are occasionally invaded 
by caves. The sandstones and shales are of a purplish red colour, very 
soft and friable, and often show a gentle puckering.® In the more nor¬ 
therly of the three outliers the beds include a thin band of limestone. In 
this outlier also the beds arc intruded by a coarse pinkish porphyry with 
kaolinised felspar phenocrysts sometimes half-an-inch in length, and a holo- 
crystalline groundmass composed mainly of lathes of the same mineral; this rock is 
itself intruded by a fresh, dark dolerite in which the predominant phenocrysts 
consist of augite, with minor crystals of felspar and hornblende, all of them with 
almost perfect crystal outlines and set in a groundmass composed of the same 
minerals with an appreciable amount of divitrified glass. In places a similar 
dolerite is seen intruding the Plateau Inmestone. 

The Bed Beds of Kalaw were thought by Cotter to be considerably younger 
than the Loi-an beds. The type exposure of the former occupies along narrow 
N.N.W.-S.S.B. synclinal basin carrying the town of Kalaw and part of the road 
from that hill station to Thazi, and flanked on both sides by the Loi-an series. 
Pother north are two smaller outliers which at one time no doubt formed a con¬ 
tinuous outcrop with the first. The more northerly of these, lying almost entirely 
upon the Plateau Limestone, occupies the greater part of the Panlaung valley 


^Ree., LXXI, 380-388 (1937). 

»J. Ooggin Brown k V. P. Sondhi, J2cc., LXVII, 194 (1933). 
«0. 9. Fox. Eec., LXIII, 183 (1930). 
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between the bigh ranges known as Ifyindaung and Myinbondaung. The only 
essential difTerence between the Ealawas and the Namyaus is that the latter include 
bands of limestone, some of them fossil-bearing. 

The Ealaw Bed Beds stretch far to the south of Ealaw. Jja, this direction the 
onglomerate takes the form of a limestone conglomerate which, according ta 
ICddlemiss, has the appearance of having been formed by the disintegration of the- 
much breciated Plateau Limestone and the flinging down of the weatherd frag- 
m^ts as scree-material among the sediments which were in process of forming the 
purple* sandstones. Grotesque pinnacles and “stacks*' of this conglomerate 
are well seen in the rugged, gungly country B. N. E. of Nanpale.^ 

Both these formations have been recognised by A. B. Dutt further north in 
Yengan State, overlying the Plateau Limestone. Here the Coal Measures consist 
mainly of shales, sandstones, conglomerates and quartzites, with occasional 
bands of shaly sandstone, coarse felspathic sandstone and limestone. ‘ These 
beds have a general strike of N. N. W.-S. S. E. and a dip usually between 
60® and 70®. With the Plateau Limestone the contact is invariably highly 
calcified and often obscure; at their junction with the granite of the neigh¬ 
bourhood the sandstones have been metamorphosed to quartzites. The small 
outcrop of Bed Beds includes soft sandstones, brick-red to purplish in colour and 
sometimes mottled. 

Bed sandstones and associated rocks akin to the Namyau beds have been found 
by Coggin Brown and Sondhi lying unconformably upon the Plateau Limestone 
between Wan Pong and Eongsong, about latitude 21® N., and characterstically 
dissected into an intricate network of small, steep-sided valleys and ridges, covered 
with thick forest. 

A little farther east, just beyond Hsaimong, a fossiJiferous formation of unknown 
Mesozoic age intervenes between the Plateau Limestone and a further exposure 
of the Bed Beds seen on the western side of the Nam, Pang, a tributary of the 
Salween. Whether thisfossiliferous series is equivalent to the Napeng, or to 
some other horizon of the Jurassic, or to the Trias, it remains to be seen when the 
few fossils coilected have been carefully examined. The beds consist largely of 
shales which in the lower horizons are very argillaceous and yellowish brown in 
colour, but give place to sandy varieties, and to limestones and sandstones in the 
higher levels of the formation. The basal shales have yielded a few minute phyl- 
lopods believed to be Estheria. The shales vary in colour, and include red, pale 
oUve green, black, grey and bleached varieties, some containing small fragments 
of fossil leaves and woody fibre. Bands of limestone conglomerate are described, 
containing small, rounded sandstone pebbles, and passing into tough, impure 
limestone.* The limestones are usually massive and light grey with bands. 
ct a somewhat darker colour; in them structures like calcareous algae have 
been npted. The purple or pepper-and-salt sandstones are cleaved, broken and 
much wea^ered. 

Eastwards these beds are overlain by Bed Beds, the basal members of which, 
are coarse conglomerates contjaining rounded pebbles of limestone and of red and 
olive shale. The congbmerates, which have developed a false stratification duo 
to compression, are hi|^y silicifled, both matrix and pebbles alike being out bjr 

iQen. Rep. 1899-1900,146. 

•Gen. Rep. Nee., 73,09 (1988>. 

•J. Oo^ Brown k V. P. Oondhi, Ree., LXVn, 152 (1938). 
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thin veinlets of silica. Above the conglomerates some Bed Beds of the usual 
type, including very friable, twisted, bleached and blotched purple sandstones^ 
Rud red or olive sandy shales but no calcareous horizons; these beds are identical 
lithologically with the Namyau strata and, like them, begin with a basal conglo¬ 
merate. 

On the other side, i.e. to the east, of the Nam Pang, a thin belt of mudstones 
and shales recalls the lower of the above two formations. East of this follows 
a band of brecciated Plateau Limestone on the middle of which rests a narrow 
exposure of the Bed Beds in the form of red sandstone, accompanied by the usual 
change in vegetation and scenery. 

Possibly it is these beds which are exposed near Vado in Earenni.^ 

Beyond the Salween, the Kalaw Bed Beds have been tentatively recognised 
by Sondhi in Kengtung, the most easterly of the Southern Shan States. The 
hills east of the Nam Hut valley are made up of coarse deposits of grit and red 
sandstone, lying upon granite. The last exposure of these beds, before the Siamese 
frontier is reached, is recorded near the confluence of the Nam Long and the Nam 
Hka.^ 

In some parts of southern Shan States the Bed Beds are of great thickness 
and must have covered a considerable area; elsewhere, however, their deposition 
appears to have been more or less restricted to isolated valleys and basins in the 
Plateau Limestone.® 

THE RED BEDS OF SOUTHERN BURMA. 

In this connection may be described certain red beds of Southern Burma 
though no indications of their enge are forthcoming. 

In the eastern portion of the Amherst district Cotter records a Bed Sandstone 
series resting unconformably upon the Kamawkala Limestone (Trias) and over¬ 
lain by the Tertiaries of the Htichara basin. This red formation shares with the 
limestone the hilly country east of Htichara, and is distinguishable from the ruggeed 
pinnacles and castellated profiles of the latter by the rounded contours of its out 
crop.3. In places litc Anw^ioiie i>rojv-cis liirougii the Bed Sandstone and the im¬ 
pression produced is that the sculpturing of these protruding crages is due in a 
large measure to denudation previous to the deposition of the sandstone.^ 
The dip of the Bed Sandstone rocks may be moderate but is frequently 
steep or vertical. 

The typical and predominant rock of the formation is a pink or brick-red to 
purple sandstone, of fine to medium grain, and often containing sparsely distri¬ 
buted pebbles ; the latter, which are usually no more than 1 /2 or one inch in dia¬ 
meter, are composed either of pink sandstone or of white quartzite, and are fre¬ 
quently angular or sub-angular. Associated with the red sandstone are sandstones 
of a buff colour and not unlike the much later Tertiary sandstones, clays varying 
in colour from grey to cherry-red, an conglomerate bands. The clays sometimes 
have thin partings of argillaceous limestone, from one to three inches thick,con¬ 
taining traces of fossils, mainly lamellibranchs of which an Astarte is one. One of 
the conglomerates, of which there are several exposures in the Thaungyin river * 

^Thoir suggestod occurrence to the west and eouthweet of Mong Pawn (Gen. Rep. 1899 
1900,146) ie not cofirmed by Coggin Brown & Sondhi Jfec,, LXVII, Pi 6 (1938). 

«Gen. Rep. Rec., LXIX, 69 (1935). 

•JRee., LXVn, 156 (1983). 

4G.De P. Cotter jRec.,LV, 284 (1923). 
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is precisely similar to a conglomerate in tlie Kalaw beds. It is composed of pebblea 
or boulders of the Moulmein or the Eamawhahk limestone, and pebbles of red sand¬ 
stone, lying in a matrio of red sandstone. The coarser ingredients of this rock 
range from small pebbles to boulders one foot across. The derivation of the red 
sandstone pebbles is not known ; that they cannot in all cases have originated 
from earlier sediments of the same aeries is shown by the fact that in one locality 
the conglomerate is the basal member of the succession and rests directly upon 
the Kamawkala Limestone. The great density of the jungle, however, makes it 
difficult to establish the true order of succession in the series. 

In the Mergui district a similar set of Bed Beds, showing considerable lateral 
variation, is recorded, striking N.N.B.-S.S.W., i.e., across the underlying Mergui 
arguillites whose general strike is N.N.W.-S.S.E. The beds have been subdivided 
by Sethu Bama Bau as follows: 

(iv) Purple eandstonee, shales and conglomerates, 

(iii) Fine-grained, pinkish sandstones and shales, with patches of white clay. 

(ii) Calcareous sandstones, 

(i) Conglomerates and grits. 4 

The last mentionea is found on the islands of Fa taw and Patit, off the coast 
near Mergui town.^ The other three subdivisions are exposed in the chain 
of islands from Canister Bock in the north to Mergui itself. The only 
organic relics found in the series consist of silicifiod wood and impressions of 
partly carbonised wood.* The arenaceous members vary from fine-grained, reddish 
sandstones to coarse grits and conglomerates. A characteristic feature of these 
rocks is the presence of fresh felspar, and pebbles of qurtz and slate, the two 
first derived probably from the neighbouring intrusions of granite, and the last 
from the Mergui rocks. Quarries for the Mergui Port works have exposed many 
sections of the Bed Beds, showing the sandstones and grits resting upon the de¬ 
nuded edges of the Mergui argillites. 

representatives of the loi-an and kalaw beds in 

MEIKTILA AND THE NORTHERN SHAN STATES. 

Some 80 miles south of Mandalay, west of the Southern Shan States, Dr. Cotter 
reports what may be a Bhaetic-Jurassic group in the Meiktila district in juxta* 
position with a gneissose granite, the junction possibly being a fault. These Sedi*- 
QLentaries, which are exposed in the vicinity of Pyinyaung railway station, are 
made up of conglomerates, sandstones and shales, often red or purple in colour,, 
and appear to rest unconformably upon the Plateau limestones which are exposed 
to the east of the village. The conglomerate, probably the basal member of the 
succession^ is built up of large boulders, including limestone boulders, and is seen 
along the junction with the Plateau Limestone.* Near the railway station there 
are toaces of unidentifiable fossil plants while two miles north of the village un¬ 
identifiable marine fossils include one of the Ostraeidae as the chief form. Dr.. 
Cotter equates these beds with the Coal Measures (Loi-an series) and Bed Bede 
of the Ealaw area to the southeast. 

On both sides of the Salween river in Mang Lon, one of the Northern Shan 
States, Mr. Sondhi has found the Bed Beds, which are well developed in the valley 

tjfeei., LV, 19.(1988). 

■Dudley Sfismp. Q. J» Oed, Min* dt Met, 8oe, Jnd.t toL 1, No. 1, p. 290 (1928). ' 

■Oea. Bep. Jiee., LVni, 43 (1926). 
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of the Mengma, extending up to the head thereof; here the basal bed is a 
hard grit and arkose.^ A large basin of these rocks, comprising deep red, 
sandy shales and sandstones, with the same base of grit and arkose, oc¬ 
cupies the Mong-hsaw valley. The basal bed forms the crest of the ridge which 
bounds the valley on the east. The Red Beds, which here form an asymmetric 
syncline, overlap the Ohaung Magyi phyllites on to the Plateau Limestone in 
places. Another small basin of the Red Beds occurs at Nah-pan. 

YUNNAN. 

Northeastwards the Namyau beds have been recognised by Dr. Coggin Brown 
who collected fossils from two miles below Liu-wun, a village in Yunnan, on the 
Salween river, on the Luchiang-Fangmachang route. The fossil rock, a dark 
greenish-grey, earthy limestone, with irregular fracture and crowded with fossils, 
is accompanied by doleritic and andesitic traps, some of which arc amygdular, 
hard, red, shaly tuffs grading into calcareous tufts, calcareous shales with brachi- 
opod remains, and reddish sandstones.^ Genera and species are few and specimens 
of Rhijnchonella most abundant ; the following have been identified by Cowper 
Reed®: 

Brachiopoda— 

Rhynchonella (Bvmiirhynchia) pracstans Reccl, (Cloeely similar to the typical Namyau 

for]Tii?.(J^.)coatotoBuckm.aDd toj?. mahei Man* 
sny from the Laos.) 

,, ,, „ var. conjurala Reed, (The most abundant form.) 

„ „ var. adjudimta Reed, (Perhaps identical with the 

Cutch form, i?. indica d* Orb.,) 
„ „ ., var. tt fiuiplicata Reed, 

„ „ var. disereta Reed, 

„ aff. cuTuifortnis Mans. (Indo-Chinese form). 

T^rehrat'ula [HolcotJiyris) ancih Reed, (cf. T, ventricosa Zict. from the Callovian of Baluchistan 
and T, {II.) an gusto Buckm.) 

„ „ cf. Jlexa Buckm. (from the Namyau beds), 

,, „ pinguis \i\T,luchiang€n$is'Reed 

,, „ ,, var. oliuttf/oriwaa Reed ^(type a Namyau form). 

„ „ V yar.longisulcata'Rcod J 

„ „ cf.svbovalis'BMcikm. 

„ ( Loboid-ofhyria ?) cf. peroralis Sow., (A Somaliland form.) 

Lamt?llt bran ohiata— 

Exogyra bruntrutann Thurm., (Abysrinia and East Africa.) 

,, mtnctia Reed., 

„ cf. dubi*’.nsia Contoj., (A French Sequanian form.) 

P(!ctfm {Sf/ncyclo7icwa) Inchiangcnsis Reed., 

,, {C'amptonectfs) lens Sow^, 

Lima {Radula) aff. monshrliardensis Contej., (A French Sequanjan form.) 

Modiola ? sp., 

CucuUaea {Paralleldon) cf. eucullato Goldf., 

„ „ aff. virgrii/a Sow., (A Catch form.) 

Area tiffrfburmanni Contej., (A French Scejuanian forn .) 

Nucula aff. menkei Koem., 

Ostraea ohseura Sow. 

1 Gen. Rep. Rfc , LXXIII, 72 (1938). 

* J. Coggin Brown l?ec., XLVII, 233 (1916). 

• Pal. Jnd., New Ser., Vol. X, Mem. 1,264, 0927). 
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Transitioaal varieties of the rhynohoaellids make classification difficult. The 
similarity of the brachiqpod fatma with that of the Namyau beds of ^he Northern 
Shan States is striking; though some of the fossils show a relationship to the 
Oxfordian ox Eixnmeridgian (Sequanian), the beds are, like the Namyaus, probably 
nearer to the Cornbrash.^ 

AGE OF THE RED BEDS OF SOUTH ExiSTERN ASU. 

The question of the age of the Napeng and Namyau beds, and of bed 
with similar faunas found in various parts of southeastern Asia has 
been critically considered by M. Fromaget • who would place them 
tentatively in the Noric. In the Brachiopod Limestones of Luang Prabang 
in Indo-China the common rhynchoneUids are allied to Namyau forms ; 
Rhynchondla pseudopleuradon Mansuy, for instance, resembles Burmirhyn- 
chia costata Bnckm. and B. subcostata Buckm., while BhynchoneUa make 
Mansuy is related to Burmirhynchia orientalis Buckm. Other brachiopods from 
the Luang Prabang fauna are close to Triassic or Bhaetic forms ; Spiriferina acuta 
Mansuy is comparable with S. shaUhalensis Bittn. from the Himalayan 
Carnic, and Terebratula brevirostris Mansuy greatly resembles T. pyrijormis 
Suess from the Carpathian Bhaetic. A fragment of a skull of Dicy- 
nodon is also in favour of a Triassic age.^ Included in the Luang pra¬ 
bang fauna at the same time are the Triassic ammonites, Discophyllites Tibe- 
tites and Arcestes, as well as a Nautilus allied to Clydonautilus, griesbacJii 
Mojs., one of the zone fossils of the lower part of the Himalayan Noric Tibetites 
and its sub-genera occur in the same late Triassic stage of the Himalaya, while 
Arcestes is found not only in both the Carnic and Noric of the Himalaya but also 
in the Anthracolithic of the Salt Bange. Some of the lignite deposits in these 
red beds have yielded plants of probably Liassic age.* 

From a similar fauna at Ban 0, another Indo-Chinese locality, ffolcothyris 
laosensis Mansuy shows close affinities with the Namyau species, P angusta 
Buckm. 

Of the Liu-wun fossils, Burmirhynchia praestans Beed and its six vaileties all 
show an exLornal roscuiulanco to lihytichuhellu Mans, from Lumu;.- riauang. 

The doubtful Cryptorhynchia sp, from Liu-wun is said to be very close, to Rhyn- 
ch(mella cuneiformis Mans, from Pac Ma, another locality in Indo-China. Lastly 
Holcothytil ancile Beed from the Liu-wun beds is described as being very near to 
H. laosensis Mans, from Ban 0. According to Credner* the Bed Beds 
of Tunnan can be divided into two discordant aeries, an older, of Mesozoic age, 
which has suffered folding, and a younger undisturbed series of Ter¬ 
tiary age.* The subject has been dealt with at length and with 
impartiality by Dr. Coggin Brown.^ This paper has been supplemented 
by Dr. M. B. Sahni who emphasises the differences between the Namyau 
fauna and both that of Luang Prabang and that of Ban 0 and Pac Ma, 
and agrees, with Mr. Buckman and Dr. Cowper Beed that the Burmese fauna 

* See Ann, Mag. Nat. Hist., Ser. 10, vd. X VHI, p. 2 (1986). 

^Bull. B^rv.geol. jrndo-CA«»e,vol.Xyin,fa8C.5(1929). 

• Ibid., XII, faec. II (1923). 

ABertilHogbom B/sXl. Ot^. lnsU Vniv. Vpsala, XII, 107-108 (1913); Zeiller. (“Flore 
foesile deg conohee deoharbn du Tonkinx 
Reisb to G^^pMsoheg Institnts der Son Yatsen Uniirersitat (1030), II, p. 52. 
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1)6longs to the Bathonian.^ The latest information on the subject of the Bed 
Beds of this part of Asia will be found in a further paper by Dr. Coggin Brown.* 

• According to Dr. .A. W. Grabau, the well-known Red Beds of western China 
fS’su-chuan) are of Lower Cretaceous age. In southern Persia and the adjoining 
parts of Baluchistan there is a similar coloureo series, almo.»t incapable of reduction 
to any recognisable sequence and covering the period from the Lower Lias, cer¬ 
tainly to the Middle and probably to the Upper Cretaceous; volcanic activity 
was rife throughout and many of the lavas appear to be submarine. 

It seems unnecessary to conclude from the above comparisons that all the 
faunas belong to the same stratigraphical stage. Vast tracts in western China, 
Indo-China and Siam as well as in the Shan States, arc covered by Red Beds of 
Mesozoic age. It is suggested that in southeast Asia we have a thick geological 
series or system, ranging from the Upper Trias into the Jurassic and represented 
by scattered fragments of various thicknesses and belonging to different parts of 
the vertical section. The faunas at Luang Prabang, Ban 0, Pac Ma, Moung The 
and other localities we may assume to belong to a low horizon in this Noric- 
Jiirassic system, a horizon corresponding to the Noric stage. The assemblages 
at Napong and Con Tagne occur higher up in this system and bear strong evidence 
of a Rhaetic age in spite of the presence of survivals from older faunas. Of tjie 
two fossil horizons in the Burmese Namyau beds, both have been assigned to the 
Bathonian, one of tliem, like the Liu-wun beds, correspondng probably to the 
Cornbrash. The Namyau is a very thick formation and a large section of it is 
unfossilifcrous. It is qi^ite likely, therefore, that it may extend vertically for some 
distance either below or above its own fossiliferous horizons, or possibly in both 
these directions. In this vay the beds at Napeng may be a facies of an unfossi- 
liferous part of the Namyfius ; in other words they, and possibly also the beds in 
Indo-China having the same genral family resemblance, may be nothing more 
than synchronous lateral variations of lower portions of the Namyau formation. 
The basal rock of both the Napengs and Namyaus is a conglomerate containing 
pebbles of the Plateau Limestone as well as of older rocks. The suggestion put 
forward above may be represented diagrammatically as follows :— 




Unfossiliferouf? Namyau 
bedK. 





Kalaw Bed 

Beds. I 

Liu -\\ruii bods. 


Namyau fossil bed B. 






Namyau fossil bed A. 


Con Tagno bods. 

Beds at Napg. 


Unfossiliferous Namyau 
beds. 

1 

Loi-an Coal meas¬ 
ures. 

i 

Muong The beds, Luang 
Prabang beds, etc. 



Palaeogeography •—During the Jurassic period, the face of Asia changed consi- 
diorably, and the penetration of the Gondwana continent by encroaching arms of 
the sea which had commenced in the Triassic period became much more marked 


LXXI. 219 (1936). 
LXXIII, 514 (1989h 



1214 


MANtTAL OF OSOLOQY OF INDIA AND BURlfA 


[VoL. ir^ 


Much of this old continent persisted throughout as land, in witness whereof are 
the Jurassic coalfieids of India, South Africa, and Australia, but marine trans¬ 
gression in certain directions, from the Tethyas on the north and from the South¬ 
ern ocean, began in the early part of the period. # 

Burma formed part of Cathaysia, a landmass of dther peninsular or insular 
charactser, at the southeastern comer of the Angara continent. According 
to M. Fromageti this land mass at the beginning of Jurassic times was 
more or less divided from the main mass of Angaraland by a branching 
gulf, debouching south westwards into the sea channel which still separated 
this continent horn Gondwanaland. In parts of this gulf marine faunas 
from time to time took the place of the Bed Bed lagoonal sedimenta¬ 
tion which commenced probably in the late Permian and continued intO’ 
the Tertiary period. During the latest epoch of the Trias such a marine 
fauna flourished at Luang Prabang, Muong The and elsewhere ; in other parts 
of this region lagoonal conditions were by that time well established. Later on,, 
perhaps in the Bhaetic eopch, the Napeng and Loi-an fauna took possession of a 
western branch of the gulf, and still later the lagoonal conditions which then pre¬ 
dominated over the Burmese area, were replaced locally at Namyau by shallow 
sea water with ephemerial and specialised faunas ; this later invasion is thought to* 
have happened once or twice during the Bathonian epoch. These transgressions 
filled up hollows in the Plateau Limestone of the Shan States with fine muddy 
silts and produced the corse beach deposits along the shores. A similar marine 
invasion has left traces in Malaysia and Sumatra of the peculiar Napeng fauna 
in Timor the Bhaetic is represented by bituminos limestones and dark shales 
with Choristoreras and Muophoria. 

The sea channel mentioed above seems to have formed a passage of commu¬ 
nication between the Asiatic portion of the Tethys and the Southern Ocean, sweep¬ 
ing round through Malaysia, Sumatra, Timor and New Guinea, perhaps up past 
the Philippine Islands and certainly eastwards round the eastern or Australian, 
end of Gondwanaland. The Mesozoic plants of the Loi-an beds of the Southern 
Shan States are more closely related to the Chinese flora of that era than they are 
to Indian Upper Gondwana forms, and both the Chinese and Burmese floras be¬ 
longed to the Angara continent which covered the greater portion of Asia in 
Mesozoic times. 

In all probability the Tethys extended from northern Burma westwards along 
the Himalayan region by way of eastern Persia to Europe throughout the 
Bhaetic epoch, ’i^e peculiarity of the Burmese Bhaetic fauna is exaggerated 
by the absence of any links between it and the faunas of southern and central 
Europe. Though no trace of Bhaetic fauna has hitherto been aiscovered in the 
Kioto or Megalodon Limestone of the Himalaya and Hazara, it is possible 
not only that the uninterrupted Kioto sequence includes the Bhaetic stage 
but that the now entirely unfossiliferous layers of the latter originally com¬ 
prised a fauna whose ingredients have become completely obliterated by 
subsequent solution. Had a sufficient number of the members of this fauna 
survived, it might have been possible, in spite of any difference in facies, to find 
connecting links therein bettveen the Burmese Bhaetic and that of the Mediter¬ 
ranean. 

^BnU. Serv, gedl. Indo^Chine*, XVlIl, fasc. S, opp. p. 16. 
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That there, was uninterrupted deposition from the Triassic to the Cretaceous 
period in all sections of the Tethys area is not supported by palaeontological evi¬ 
dence, but the conformability of this long sequence is impressive, and the unfossi- 
liferous nature of such a large section of it would partly account for the want of 
palaeontological continuity. The greater part of this unfossiliferous component 
consists of limestone which may have been originlaly as richly fossiliferous as the 
few horizons which have escaped the destructive effects of compression, solution 
and recrystallisation. Probably there were intervals of non-deposition, but 
these appear to have left no trace. 

In Liassic times there is evidence that the Tethys stretched eastwards through 
Asia Minor and Northwest Persia, along the region north of the present main 
Himalayan chain (as shown by the blocs exotiques in Malla Johar), over the trans- 
Indus Salt Range area, into southern Tibet between the Tsangpo (Upper Brahma¬ 
putra) and the Nepal frontier and probably connected southward with the Indian. 
Ocean. 

Localised submergence during the Liassic epoch was responsible for an arm 
of the sea stretching sothwards from the Tethys into Baluchista n, and for a nother 
arm which extended from the same basin in the same direction through Maghara 
in the Sinaitic peninsula and central Arabia. One of these two arms continued 
through Kenya Colony to western Madagascar. Probably both arms in time 
reached as far uniting round a large island named by Stefanini “Farsia’* which 
covered what are now the Persian Gulf, eastren Arabia, southwest Persia, the 
island of Socotra and part of Somaliland^ These connections are clearly indicated 
by the close resemblance of the Middle Liassic fauna of Baluchistan and Madagascar 
with that (Domerian-Toarcian) of southern Europe^. In the Liassic epoch the 
Baluchistan channel covered the trans-Indus Salt Range and remained there at^ 
least as late as Callovian times. 

The only marine Jurassic rocks in Autsralia occur at the western end of the 
continent and contain many species identical with those of the English Lias and 
Oolite. Such a remarkable close relationship points to free communication between 
the European part of the Tethys and the Southern Ocean, off a section of the shore' 
of which were accumulated the Western Australian deposits. This intercommuni¬ 
cation, it is concluded, was effected via the Dutch East Indies where all zones of 
the Lias are found in Timor and Rotti, while the Upper Lias is present in the Sula 
Islands, the Obi Isla nds and Misols® and thence round the eastern end of GondVana- 
land which embraced all but a small western portion of Australia, through the islands 
of New Zealand ; the latter possess a marine Jurassic sequence ranging from Lias 
to Tithonian. In the Lias of Rotti are found the zone fossils of the Middle Lias- 
of Europe, Dactylioceras commune and Arnioceras semicostatum. The Lias of 
Indo-China also shows close affinity with that of Europe and possesses several 
species in common with that region. The Lias of Borneo is assumed to have been 
deposited on the other side of the large south wardly directed peninsula of Cathaysia 
which terminated the Angara land-mass to tli e south-ea st. This landmass stretched 
northwards over China to the Arctic Ocean, and from Japan westwards to the 
Caspian Sea area. On the northeast it was deeply indented by the long 


Ji7»pp*(19J3-14),Ser.ir, Vol. vi,Fig. l,p. 17. 

‘ Mtenogr. Hunt, Mus, Glasgow Univ., vol. IV, 66, (1926); Pal, Ind,, New Ser., vol. X». 
pt. 2, 815 (1933); Ibid., XXH, No. 3, 18 (1936). 

* H. A. Brouwer, Geology of the Nethrland Haet Indies ", p. 25 (1926). 
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Ussari gulf w^iose waters cohered southwestern Japan and opened northwards 
into the Arctic jSea ; northwestwards it extended through Bussia to Spitsbergen 
and beyond. 

The latest marine occupation of Indo-China is calculated to have finished in 
the Lias, deposits of which occur in southern Annam and Cochin China, marking 
the position of what are believed to be two straits across the promontory of land. 
The wide interchange of faunistic elements, which had suffered some degree of 
suspension as between America and the Himalaya during Noric times, was restored 
before the end of the Liassic epoch, and is well illustrated by the universal dis¬ 
tribution of the genus Arietites which is known from Europe, western Asia, India, 
Timor, California, Nevada, Mexico and South America^. From the region north 
of the Himalaya to the Medeteiranean area, not only was there free communica¬ 
tion between faunas which show insignificant local peculiarities but, from the 
Carnic to the Liassic epochs, inclusive, sedimentation was of a nearly uniform 
lithological character. Eastern Persia, on the other hand, emerged from the 
Bagocirn or Lower Bathonian sea and received coloured sub-aerial deposits 
with their plant rclmains^; sediments with a similar flora have been identified in 
Afghanistan.^ 

On the whole, marine transgression increased during the middle stages of the 
Jurassic, and we find in Bathonian times evidence that the Arabian channel had 

? ;>read over Abyssinia, where the Antato Limestone is closely related to the Indian 
achham beds, and also over Somaliland and many parts of the east coast of Africa, 
The Bajocian and Bathonian are unknown in Asia Minor, but the Oxfordian has 
been recognised. The Middle Jurassic of Arabia belongs probably to two horizons, 
a Bathonian-Callovian which includes the lamellibranch Afca {Parallelodon) 
egertoniana (Stol.), a species known in Somaliland, Tanganyika and the Spiti Shales 
of the Himalaya, and a Sequanian. From the Middle Jurassic (Bathonian-Baj- 
ocian) in northeast British Somaliland comes a species of BurmirJiynchia {B. sub- 
versabilis TFeir), two species of the lamellibranch genus Eligmus, and several 
other fossils; these beds are succeeded by limestones which have yielded frag¬ 
ments of a Belemnopsis in distinguishable from B. tanganensis Futt., and occupy 
soiuv pv.il Oi llie sequence Coralliau-Kimmeridgitur. 

The invasion of what is now New Guinea began in Upper Bajocian ties and 
continued throughout the Callovian and Oxfordian. The islands of the Dutch 
East Indies mentioned above remained covered by the sea from the Upper Lias 
to the end of the Jurassic period. 

If the marine fossils found in the Tal series in Garhwal are rightly assigned to 
the Jurassic, they afford evidence of an encroachment southwards of the Tethys 
•over the northtern margin of Gondwanaland now occupied by part of the Lesser 
Himalaya. This encroachm^ul^y which was of very short duration and perhaps 
restricted to a section of Garhwal, must have taken place at some thne during 
the earlier half of the Jurassic period, since the characer of the Spiti Shales is 
sufficient proof of a definite recession of the sea in a northerly direction during the 
•closing stages of the Jurassic. 

X 0. Biener, Jfem., XXXVI, 816 (1012). 

* L. R. Oox, PuL JimI., New ber.^^vol. XXII, Nob. 2 & 3 (1930). The floras of both those 
regions belpng to.the Angara continent. 

*L..F. Spath* Mem. 8; Bee., LUX, 69, (1921). 

« 0. Barrington Brown! C* J. bXXXV 
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That the geographical conditions sketched above persisted in the main through¬ 
out the rest of the Jurassic period is shown by the resemblances between the stage 
faunas of various parts of this extensive mediterranean basin. As examples may 
be cited the following : (i) the fauna in Eawhia harbour, New Zealand, which is 
allied to that of the Pachham stage of Cutch ; (ii) the close affinity beWeen the 
Bathonian of Somaliland and that of southern Arabia, and the resemblances of 
both with the Mediterranean Bathonian ; (iii) the alliance of the Tithonian of Te 
Puti in New Zealand to that of the Dutch East Indies ; (iv) the close relationship- 
of certain Macrocephalus marls in Madagascar (Golden Oolite.) to the Chari group 
of Cutch ; (v) the general intermediate palaeontological position of the Arabian 
JurassicB with respect to beds of the same age in Syria and in Aden ; (vi) the close 
resemblance between the Upper Athleta beds and Dhosa Oolite of Cutch, on the 
one hand, and beds of the same age in Sjrria ; (vii) the general affinities between 
the Jurassic of Cutch and that of the Caucasus. There are in the Jurassic 122 
cephalopod species common to Cutch and Europe. Of these, 69, chiefly from the 
Chari series and especially from the Athleta Beds and Dhosa Oolite, occur in middle 
and western Europe, while 53, from the Katrol and younger stages are found in 
the Alps and Mediterranean area, where the Upper Jurassic is better known than 
it is further north. 

During the latter part of the Jurassic period, from the Oxfordian to the Titho¬ 
nian and well into the cretaceous, the Tethys sea reached as far west as the island 
of Cuba and the States of Mexico and Texas. Of the Tandagum aeries in Tan¬ 
ganyika, the Trigonia smeei Sandstone contains Portlandian ammonitics, but it 
is followed by fresh-water marls of Purbeck age with saurian remains and traces 
of a Wen Iden flora. The Malm of the.Southern Andes, corresponding t o a 11 but the 
lowest of the Cutch Jurassic stages, as well as to the Spiti Shales and some of the 
underlying horizons is characterised by a fauna which is markedly Himalayan 
including many of the Spiti genera such as Spiticerasy Blanfordiay Virgatosphinctes 
Berriasellay Bimalayites and Kossmatia ; according to Uhlig the connection bet¬ 
ween the Himalaya and South America lay across the southern Pacific^. Grabau has 
suggested that the fauna of the Spiti sea may have been “dehged off from that 
of southern Europe, probably by a land barrier”. 

The fauna of the Tethys during most of the Jurass% period seems to have 
attained a wide degree of homogeneity from central America through Europe 
and southern Asia to Australia, the more marginal zones of middle Europe showing 
infiltrations from the Boreal province which lay to the north of Angaraland and 
of the other continental mass which embraced Scandinavia, Iceland, Greenland 
and most of North America. Traces of such Boreal infiltrations are extremely 
few in the Indian region of the Tethys ; in the Himalayan faunas, for instance, a 
species of AuceUa (4. spitiensis) is the only form which can be regarded as such 
an exotic*. 

The presence of marine Jurassic beds among the Upper Gonwana sediments 
of the east coast of India is extremely doubtful. Ammonites, which at one time 
were thought to be closely comparable to the **8tephanoc€ras opis** found in the 
Chari and Eatrol stages of the Cutch Jurassic, are now identified as Lower Cre¬ 
taceous forms. Whether the east coast of India, therefore, was formed before the- 

^Denhachr K. Ahad. YFim., Wien, vol. LXXXV, pp. 698, 606 (1010),; J. W, Gregory,. 

Q, J. G. S.y Vol. LXXXVI, p. xciii (1980). 

*lh{d, p. xcii(1930). 




1218 MANUAL OF GEOLOGY OF INDIA AND BUBMA [VOL. II^ 

end of the Jurassic period is uncertain^ unless we can rely upon the Liassic age and 
marine habit of the crustacean, Bryon barroviensis^ claimed to have been found 
near Ongole. The first reliable indications of the presence of the east coast and 
the Bay of Bengal are seen in the above mentioned marine Cretaceous fossils and 
will be more fully considered in the following chapter. 

The relationship between the Cutch and Malagassy Jurassic faunas is very 
close and points to an uninterrupted line of communication, probably along a 
continuous coast .between the two areas. In this way the Indian peninsula and 
Madagascar lay at the extremities of a strip of Oondwanaland bounded on the 
west by the large channel which reached from the Mediterranean to South Africa 
and contained the large island of ‘‘Farsia”. Whether this strip of land was se¬ 
parated from the rest of the Gondwana continent in Jurassic as it was in Creta¬ 
ceous times, by another arm of the Tethys to the east, and was thus cut off to form 
an island similar to but larger than ^‘Farsia’’, is not certain, thougli it may well 
have been so. Before the end of the Jurassic period this island—if the strip of a land 
existed as such—seems to have been split up into an archipelago. Brazil, Africa 
and Australia are believed to have remained united during the Jurassic period, 
but not via India. 



CHAPTEK XXVT. 

"THE MARINE CRETACEOUS AND SOME EQUIVALENTS 

Distribution. The East Coast of Sootheru India. —Introduction ; Position of exposures ; 

.‘Subdivision; Utatur stage —Lithological composition and thickness—Coral-reef Jinicfetone 

Bouldor beds—Coastal character—Fauna ; Trichinopoly stage —Lithological composition 

'Coastal character—Bclationships to older rockf—Thickness and extent—Fauna; Ariyalflr 

.Stage—Extent and composition—Lower and upper bundarie^—Mode of accumulation 

(General Character of the fauna—Subdivision and faunas in the Pondicherry area ; Niniyur 
'imd Nerinea Beds.' Tanjore. Ariyalur stage in Madras. The **Infra-Trappean’* of 
Dudkur» Godavari district. Assam. The Bagh Beds and the Nimar Sandstone: 
Distribution ; Nimar Sandstone ; Bagh Beds; Oil Cret accousponeplaiti. Cutch and Kathiawar: 
Outch; Kathiawar. Rajputana. Baluchistan and Western Sind : Baluchistan; Sind. 
The Sttlaiman Range. Southern Waziristan. The Samana Range. Kohat. Tirah. 
The Salt Range and its Trans-Indus Continuation. Afghanistan : Dustribution; Lower 
Oretaceous; Upper Cretaceous. Chinese Tnrkistan. Eastern Persia. Himalaya : The 
Giumal Sandstone ;TheChikkimbeds; TlieFIysch. Blocscxoticjues. ThcTalsoriee. Hazara 
Attock. The Peshawar district; Chitral, Wakhan and Kashmir: Chitral; The Burzil 
gorge; The Drag Volcanies; Kargil Gilgit ; Wakhan ; Lingzi Thang ; Ohisil Pass; Karakoram 
Pass. Tibet: Southern TibetContra! Tibet; South-eastern Tibet. Mount Everest area* 
Burma : Pakokku ; The Arakan Yoma Cretaceous; The Axial Beds of the southern end of the 
ArakanYoma ; The Chin Shales of r he Miiibii Arakan Yoma ; The KanpetJet Schists of Pakokku ; 
Manipur ; Hamri Island ; the Andaman and Nicobar Islands. Palae(»gcography. 

Distribution* —Marine Cretaceous deposits are found throughout the Extra¬ 
peninsular belt of India, from Cutch and Kathiawar through Sind, Baluchistan, 
Waziristan, Kohat, Tirah and Eajputana, northwards to the Salt Range, 
Peshwar, Hazara, Attock, Chitral and Wakhan, and thence south-eastwards 
and eastwards along the northern flank of the Himalaya. They have also been 
recognised in the Arakan Yoma and other parts of Burma, Marine sediments 
. of this system are also to be found skirting the margin ol’ the Peninsular region 
along the east or Coromandel coast and in Assam. A condensed sequence of 
similar beds occurs also in the Narbada valley. 

THE EAST COAST OF SOUTHERN INDIA 

Introduction* —The marine portion of the Cretaceous found along the east or 
• Coromandel coast of India belongs mostly to the Upper division of that system, 
but that the Lower is not unrepresented is known from the recent determinationg 
of the ammonites from the Budavada, Ragavapuram, Vcmavaram and Sriper- 
matur beds. On account of their plant remains, all these formations have been 
. described under the heading of Gondwana, to which chapter reference should 
be made concerning the equally important marine fossils. 

Even amongst the Trichinopoly and Pondicherry Cretaceous, with its rich 
marine faunas now to be described, ];)lant beds are not wanting, though no consi** 
derable flora has so far been collected therefrom. Along this coastal area, there^ 
fore, Gondwana continental conditions can be traced up into the Upper CretaceouSf 
. though greatly outclassed by marine sedimentation. The encroachment of the 
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coast was ^adual and oscillatory, and there is ho single plane of 
" W^ph between Upper Qbndwana strata on the one side and marine Cretaoeoua 
r the other, the two facies assisted in a fashion Vhich complicates a satis* 
factory classificatory subdi^ibn. 

. Thf Mesozoic deposits on the east coast of India owe their preservatipn to 
^hat,i^ght almost be described as a fortunate accident. A few miles incursion 
wtead of a few miles regression of the sea, and one of the most critical pagea 
in the Mesozoic history of India would have been lost for ever. The younger 
Gretaceous deposits of this region range from the uppermost Albian (Vraconniany 
to the top of the Danian, and constitute a mainly marine continuation of the 
partly sub-serial, partly marine, Upper Gondwanas further north. The survey of 
these highly interesting Upper Cretaceous remnants was carried out during the 
*60’s and early of the last century, since when no systematic investigations- 
have been undertaken. This stratigraphical work will no doubt stand the test of 
revision as well as most of the admirable efforts of the old pioneers generally do, 
but more adequate topographical maps and a general advance in Imowledge of 
(hretaceoUs deposits in other parts of the globe during the past seventy years 
are likely to necessitate some changes of view and, in the question of fossil 
determinations^, not even excepting the cephalopods which were redetermined, 
in 1898 and 1910, a comprehensive revision is highly desirable. 

Position of exposures.—^The younger Cretaceous beds of southern India 
occur in the great plain which extends along the Coromandel coast from north of 
the Godavari river to Cape Comorin. They rest to the west upon the gneiss or 
occasionally upon small patches of the Upper Gondwana beds ; they have a low^ 
' easterly dip ana are covered on the east by Pleistocene beds known as the Cudda- 
lore Sandstones, and by the alluvium of the sea coast. They are exposed for the 
most part in three detached areas, separated from each other by the alluvial 
deposits of the Ponaiyar (southern Penner) ana Vellur rivers. The southern and 
largest of these areas, between the Vellar and Coleroon rivers, is in the Trichinopoly 
district; of the two smaller exposures, that between the Vellar and Ponnaiyar 
lies in the district of South Arcot immediately north of the town of VriddhachaUim. 
(Yiruddhachalam), while the other is situated a few miles northwest of the French 
town of Pondicherry. The still smaller occurrences in Tanjore, south of the Cole- 
toon, will be mentioned in the sequel. 


The very irregular outcrop in Trichinopoly is about 25 miles in length fromi 
north to touth and has a maximum width of about the same distance. Its south¬ 
ern boundary is formed largely by gneiss; northwards, it is doubtless continuous 
beneath the Vellar alluvium with the Vriddhachalam outcrop which measures ap* 
prozimately 15 miles by five, striking N. N. E.-S. S. W. The latter tract, in which 
only the highest subdivision is exposed in a very few isolated localities, is probably^ 
continuous northeastwards beneath the alluvial silts of the Ponnaiyar with the* 
Pondicherry tract which commences near Valudayur and occupies a small area 
about 12 nmes long from northeast to southwest by six miles broad. 

These three enosurea, therefore, form part of a belt of Cretaceous just under 
100 mUes long wito a dip to the east or southeast, the lowest beds appearing at 


^ Fun list of fosnls will be found in the early publications of the PaUxofUailogia Indie 
8er..I ft nr, VoL I (1861-5) Ceph^^da; Ser. V, Vol. U (1867-8) Gastropoda ; Ser. VI, V 
• m (18to-i)^Peltoypoda Bear. Vul, Vol. IV (1872*8)—^Braohiopoda, Ouiopoda, Bohinod^ 
mats, Anthozoa, Spongioeoa, Foraininifera, Arthxosoa and Spondylozoa. 




Manual of thb Geology of India and Burma^ 3rd Edition. 



CRETACEOUS FAUNA ( A ). 

2. Trigonia JCo6raLain. 2. Pectenquinquecostatus Sow. 3. AcanthocerasrhotomagenseCDefr). 4. Inoceramus 
simplex Stol. 5. Pugnellus securifera iPorh). 6, Avellana ampla Stol. 7. Protocardium hillanum Sow. 8. Des- 
moceras (PuToeie) planulata (Sow). 9. Turrilitescostatus Lam. 

G. S. I.. Calcutta. 

N.B. For **5. Pugnellus securifera (Forb)’* above. Read Aporrkais securifera (Fotb) 
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the western boundary and the higher succeeding in regular order to the east or 
southeast. In the Vriddhachalam and Pondicherry areas the rocks are ill exposed 
and the dip indistinct. Throughout the belt and especially in the southern portion 
of the Trichinopoly area oblique lamination or current bedding prevails extensive* 

? ly. The western boundary, when not hidden by patches of (^ddaloro sandstone^ 
is with the gneiss except along a portion of the line in the Trichinopoly area where 
a narroTv interrupted strip of Upper Gondwanas intervenes. Southwards also 
the belt ends for the most part against gneiss^. To the east and southeast, 
the rocks dip for the most part beneath the Ouddalore sandstones, the distance of 
i this boundary from the sea varying from 2-4 miles in the north to nearly 45 miles in 
the south. 

Subdivision.—^The succession is divisible into four stages, of which the two 
lower are present only in the large Trichinopoly area at the southern end of the 
r be4 ; in descending order these stages ar© : 

Trichinopoly area, Pondicherry area. Approximate European 

equivalent. 

Niniyur Beds . . . Nerinea Beds (F) • . Uimer Msestrichtian and 

Hontian. 


rUppor, almost un- Trigonoarca Beds (D-E) . Upper Campanian and Lower 

I fossiliferous sands. Msestrichtian. 

Ariyalur J 

stage. [Lower, fossiliferous Valudayur Beds (B, C and Lower Campanian. 


L group. 


the unfossiliferous sands 
A). 


Trichinopoly stage , 


{ Upper (Varagur) sub-stage .' Emscherian. 

Lower (Garudamangalam) Bulk of the Turonian. 
sub-stage. 



1 

r Upper 

• 

• 

• 

. Upper Cenomanian 
luwest Turonian. 

and 

Utatur stage 

■ ■ 

Middle 
[ Lower 

• 

• 

- 

. Middle Cenomanian. 

Uppermost Albian 
I^wor Cenomanian. 

and 


Until a revision of the ammonites and other fossils in the East Coast Cretaceous 
has been carried out, it would be unwise to attach too precise a value to the above 
approximate correlation with the Cretaceous of Europe. There is a general corres- 
^>ondence between the Utatur and the Cenomanian, the Indian stage, however, 
trespassing upwards probably into the Lower Turonian, and downwards into the 
Albian, while the Trichinopoly appears to be the equivalent of most of the Turonian 
plus Lower Senonian. The Ariyalurs include the upper part of the Senonian and 
the lower of the M^sstrichtian, the Niniyur and Nerinea beds ranging perhaps 
from the middle of the Meestrichtian to the top of the Montian. Eossmat, from 
certain ammonite resemblances, placed the highest horizons; pf f^e iJtaturs in 
the Lower Turonian, and this assignment is supported by the OPPuitrehGe in these 
horizons of Inoceramus labiatus. AVhatever may be said for*or agaihs^ such a cone«» 
lation, there seems good reason for supposing that, while the lower portion of the 
Trichinopoly belongs to the Turonian, its upper portion is rightly referred to tlie 


1 Along what has been mapped by liCr. H. F. Blanford as a fault. 
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Lower Senonian (Emsoherian). The Valudayai and Trigonoaioa subdivisions 
of the Aiiyalur stage, together with the overlying Niniyur or Nerinea beds 
represent the Upper Senonian (Campanian) and Danian (Masstrichtian and 
Montian). 


UTATUK STAGE. 

Lithological Composition and thickness.— The Utatur (Ootatoor) stage 
named after a large village some distance northeast of Trichinopoly town^ is com¬ 
posed chiefly of argillaceous beds. Fine silts, calcareous shales and sandy clays, 
frequently concretionary and more or less ochreous, prevail throughout the subdi¬ 
vision, and in the southern portion of the area constitute almost the entire bulk 
of the deposit. From south to north certain changes are noticeable after crossing 
the parallel} of Utatur ; in the lower horizons to the west intercalated limestone 
bands make their appearance, to the great enrichment of the fauna, while in the 
upper part of the stage to the east the appearance of sands, grits and conglomerates 
synchronises with a corresponding impoverishment in fossil contents. Conglo¬ 
merates are of very rare occurrence among the lower beds. Gypsum occurs in most 
of the argillaceous strata and is to a certain extent characteristic of the group. 
The dips are often irregular and apparently due to the original deposition of the 
beds on shelving banks. The thickness of the stage is probably .not less than 
1,000 feet, but the irregularity of dip renders it impossible to form a trustworthy 
estimate. 

The Utatur beds form the western portion of the Cretaceous area throughout 
being in general from three to five miles broad, except to the northward where 
the breadth of the outcrop diminishes to about half-a-mile at Olappadi in conse¬ 
quence of overlap by the strata of the next higher stage. At the extreme northern 
point of the area, both the Utatur and Trichinopoly stages are completely over¬ 
lapped by the uppermost subdivision. The Utatur beds are not represented in 
either the Yridd^chalam or Ponaicherry areas. 

Coral-reef Limestone. —At or near the base of the Utatur stage, as already 
mentioned, there are in several places large masses of limestone ; these, where no 
lower beds of the stage are present, rest either upon the Gondwana plant beds or, 
more frequently, upon the gneiss. The rock'is a pale-coloured, nearly pure 
limestone, compact and homogeneous except where it has a flaggy structure, and is 
irregularly banded with white streaks which on weathered surfaces exhibit the 
corals of which they are composed. Sometimes the mass of the rock also abounds 
in corals, though more frequently no organic structure can be detected. 

The usual position of this limestone, which resembles precisely a present-day 
coral limestone, is at the base of the Utatur stage, resting upon older rocks. The 
coral reefs present the appearance of having been frequently exposed to denudation 
during the deposition of the later Utatur beds, and the calcareous bands found 
in places amongst these ^younger sediments were no doubi derived from the waste 
of w reefs. The coral limestone has survivea in the form of small isolated patches 
scattered along the western and southern margins of the Oretaceous outcrop. By 
fax the largest outerem of the linestone, extending with one or two breaks for about 
six nules with a considerable breadth, is situatea close to the village of Kallakkudi 
(Ealbkhudi; Caligudi; Xalligadi; Cullygoody), on the southern boundary of 
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the Cretaceous area twenty miles northeast of Trichinopoly town, and is uncon- 
forxnably overlain by beas of the Trichinopoly stage. 

Boulder beds* —In places there is at the base of the Utatur stage a boulder 
bed which would appear to belong to the Utatur group rather than to the Upper 
Gondwanas. Boulder beds do occur within the local Gondwana deposits, but 
that at Kallakkudi, for instance, underlying the coral-reef limestone, contains a 
Belemnite and other marine fossils; the Belemnite is said to bear some 
resemblance to an Utatur species but, according to Mr. H. F. Blanford, the rest 
of the fossils have not been met with in either the Utatur or Trichinopoly 
stage. Whether the Kallakkudi boulder bed, therefore, belongs to the Cretaceous 
Utatur stage or is nearer in age to the Utatur Plant Beds with their Jurassic plant 
impressions is a matter for further investigation^. 

Some of the boulder beds in the vicinity of Utatur have been found by H. C. Das 
Gupta to bo phosphatic and to contain minute foraminifera such as Olobigerina 
Cristelhria, Nodosaria (?), and Textularia^. Mr. L. E. Rao describes the 
phosphatic nodules as abundant in the neighbourhood of Utatur, occurring 
often in bunches, varying in size from that of an egg to that of an orange, and in 
shape from spherical balls to fantastic masses^. They contain numerous 
foraminiferal remains and frequently enclose larger fossils such as ammonites. 
Some of them show distinct septarian structure with radiating rays composed 
mostly of gypsum, partly of calcito. About 50 per cent, of the rock consists of 
calcium phosphate, the rest being clay, calcium carbonate, silica, some ferruginous 
material, and a little glauconite. 

Coastal character.— The coral reefs appear to have been scattered over the 
sea bottom in shallow water off the coast, at the commencement of the 
period during which the Cretaceous deposits of southern India were formed. 
The remaining beds of the Utatur stage were probably deposited in water of moderate 
depth, and some of them appear to have accumulated on submarine banks 
formed in tidal channels ; hence current-bedding is so prevalent in the rocks. 
The coarser constituents of the rocks northward sc(m to indicate that the 
current which carried the sediment flowed from that direction, and the occurrence 
of littoral forms of mollusca in greater abundance throughout the northern 
parts of the area may be accounted for on the same supposition. The beds in the 
southern portion of the Utatur area appearto have been formed of fine silt deposited 
in a bay where the force of the current was less than it was to the north, the fc.ssils 
which occur being mostly the remains of pelagic animals such as belemnites, a 
few ammonites~~chicfly of the cristati group—or else peculiar forms of Vermetidio 
{Tubulostiuw discoideum and T. callosum) of muddy proclivities. Tlie ammonites 
and nautili, which are numerous in the north, are scarce in the southern portion 
of the area. Cycadaceous fossil wood, sometimes bored by Teredo and members 
of the closely related Pholadidas abounds in certain parts of the group ; its 
abundance affords further confirmation of the belief that the Utatur beds were 
laid down in the neighbourhood of a coast. 


»H. F. Blanford. Mem, IV, 47 (1862). 

•iJec, LIV, 338(1922). 

• Quart, Joum, Oeol Min, dr Met. Soc, Ind,, Vol. Ill, 49-60 (1931). 
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Fauna. —^From the Utatur beds have been obtained the following fossils, 
determined by Dr. F. Stoliozka, the corals in 1873, the Echinodermata in 1873, 
the Bryozoa in 1872, the Brachiopoda in 1872-3^, the LamellibnAnchiata in 1871*, 
and the Gastropoda* in 1868*; the belemnites and nautiloids have been revised 
and the lists of mollusca reinforced from Dr. Spengler’s lists® and the ammonites 
from those of Dr. Kossmat* ; the fishes were detenninea by Sir Philip Egerton^. 
SpongiiB— 

Siphonia piriformis Qoldf. (found in the Cenomanian of Europe), 

Vermes— 

Serpula ootatoorensis StoL 
Anthozoa— 

Caryophyllia cupliformis StoL, 

„ granulifera StoL, 

„ gracilis StoL, 

PlaiyeyaiKus indicus StoL, 

Troehosmilia hrevkula StoL, 

,, eamura StoL, 

„ ttiba From, (found in the Turonian of France), 

LophosmUia similaris StoL, 

Epismilia crassisepta StoL, 

Psammosmilia orietiiaUs StoL, 

Stylina muUiatella StoL, 

„ grandis StoL, 

Thecosmilia geminata StoL (showing aifinities with the genus Euphyllia)^ 

Hohcoenia ramma StoL, 

Asirooomia reUfera StoL, 

„ rtiiooluua SUiL, 

Mycetophyllia (?) stdlata StoL, 

Stelloria arcotica StoL, 

Hdiastroea oriiva StoL, 

,, rotunda StoL (olwly allied to B* simonyi Beuss, from the Turonian*Scnonian 
beds of the European Gosau), 

Plaeastraa elegans StoL, 

Isastraea expansa StoL, 

j, siva StoL (closely allied to /. profunda Reuse, from the Gk>8au), 

,, cyathina StoL, 

„ cf. homesi Beuss (Species found in the Gosau), 

Laiinueandra obconiea StoL, 
gyrina StoL, 

„ erassa StoL, 

„ interrupta StoL, 

® Pal Ind„ Ser. VIH, VoL IV. 

•/hfd., Ser. VI, VoL III. 

• /AW.,Ser. V, VoLII. 

> Stoliczka's lists indude many previous determinations by Professor Edward Forbes. 

» Bsitr. z, PaXosorU. OsUrrsichungarns, VoL XXIII, 15M52 (1910). 

• Ibid,, VoL Xr, 142-148 (1898). 

t Q. J, a. S., VoL I., 164-171 (1845). 
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Anthosoa— contd, 

Laiimceandra (? Maandroitraea) coneenfriea Beuss (a form from the Qosau)^ 

Thamnastrcea hierogfypMca Stol. (closely allied to the European Th, deoipiens ICtoh.)* 

„ crassa Stol., 

M paUata Stol. (closely resembling the Etiropean Th. tenumima M.-E.)» 

„ induta Stol., 

DirrmphoAiroia pateUaris Stol., 

Comoaerie Mhamiana Stol. (said to resemble closely the Jnrassio C. irradiana M.-E.), 
Theeoseria agarkina Stol., 

JEupaanmia varians Stol. (a variable qiecies), 

„ denotata Stol., 

Coadnarcea cf. mammillata Beuss (species found in the Gosau), 

Hdiopora edwardaiana Stol. (shows close resemblances to the Becent H. coerulea Grimm). 
Eohinoidea— 

Hemiaater similaria Stol. (closely resembling H. perrani Etall. from the Cenomanian of 
France), 

99 frontacutua Stol., 

„ vicinua Stol., 

„ inaequalia (Forb.) (a European form; Forbes*“ Bnaaita incagudlia * ’), 

Caaaidulua (Pygorhynchua) emya StoL (closely allied to the European C. aequoreaa Mort. 

apud d*Orb.), 

„ „ planatua (Forb.) 

€idaria hirudo Sorig (found in the Cenomanian and Upper Greensand of Europe). 

„ cf. veaicfuloaa Goldf. (species common in the Cenomanian and Upper Greensand of 
Euro{)e), 

„ cf. aubveaiculoaa d’ Orb. (species common in the Turonian and Senonian of Europe), 
„ of. faringdonenaia Wright (species found in the Aptian or Albian of Europe). 

Vermes— 

Serpula a£f. coUaria Wann. 

Braohiopoda— 

Jthynchcmdla mutva Stol. (snid to resemble the Jurassic R. {Rhactorhynehia) pinguia 
(Boem.), 

TerSratula capillata d*Arch. (found in the Cenomanian of Europe), 

,, diphimorpha Stol., 

,, (Rectithyria) depreaaa Lam. (found in the Cenomanian of Europe), 

„ IConcinnithyria) obeaa Sow. (found in the Albian, Cenomanian and Turonian 
of Europe), 

Terebratulina rdicta Stol., 

Kingena lima Defr. (found in the Cenomanian, Turonian and Senonian of Europe). 
Lamellibranohiata— 

Teredo partita Stol. (found boring in fossil wood), 

„ craaaula Stol. (found in fossil wood), 

„ toruloaa Stol. (found in fossil wood), 

Turnua lapidariua Stol. (found boring in sandstone), 

Marteaia tundena Stol. (found boring in fossil wood), 

Parapholaa meraa Stol. (found in fossil wood), 

Rocdlaria giittula Stol. (generally found boring in oyster shells), 

Corbula minima d’Orb., 

Cuapidaria [Neaera] detecta (Stol.), 

Saxicava tendla Stol., 

Tdlina (Arcopagia) mendoaa Stol., 

„ „ diacitea Stol., 

„ (Tdlinidea) depreaaa Stol., 

Tapes (leanotia) pondicherrienaia (Forb.) (Zittel calls it'* lacanotia ’ ’), 

Meretric lCaUi8ia)fdlmlina (Stol.) (found also in the Triohinopoly stage), 

„ (Caryatia) turgidula (Stol.), 

Cardium (Trachyeardium) productum Sow. (a cosmopolitan species occurring throughout 

Europe in the Cenomanian, Turonian and 
Senonian). 




12S8 VAJTcriLL ov axoLoor or isvia axs bxjkiia ■ JToh. It 

XiameUibranohiata— eonfd. 

Cardium (Profocardia) altwm Sow.» 

99 ft hisedum Forb.» 

•> {M'ragum) pratcurren» Stol.» 

fT^ica Stol. (aocording to Douvill6 this rudistid is tod badly presenred to* 
be determinable.)^, 

LueinafaUax Forb. (found also in the Ariyalur stage), 

99 (Myrted) arcotina Stol. (found also in the Triohinopoly and Ariyalur stages). 

Opts repleta Stol., 

Opisoma geinifziana Stol. (closely allied to P. bieomis Qein. from the Cenomanian Turoniam 
(Plasner) beds of Saxony), 

Astarte (Chroiriania) jtigosa (Forb.), 

Circe (OoMia) pktnieeima (Forb.), 

Leda INuculana] eociaUa (Stol.), 

Nucida bidorsata Stol., 

Nuculina [NucintUa] glabrata (Stol.), 

Glydmeria [Axinaea] cardioidee (d’Orb.) (found also in the Triohinopoly stage), 
leoarca gibba Stol., 

Trigonoarea gamana (Forb.) (allied to T» crassiteata Zitt. from the Gosau), 

„ cf. abrupta (Forb.) (found by Dr. Matley).‘ 

Area jiliatriata Stol., 

Liih^tdomw [IdihopiMgwil curia Stol., 

„ „ eubeylindrica Stol. (of. L. [i/.] manuanenaia Bull.-Kewt. fronr 

the Lower Senonian of Ziduland), 

Pinna laticoatata Stol., 

„ iniumeacena Stol., 

AuceUa parva Stol., 

Inoeeramua geinitzianue Stol. (? found in the Plsener of Saxony; also in the Triohinopoly 

stage), 

„ labiatua (Sohloth.) (found in the Turonian of Europe and the United States 
the equivalent of /. mytiloidea Mant.), 

„ aff. concentricua Park, 

„ bohemicua Leonh. (European form), 

LinM (Plagioatoma) utaiurenaia (Stol.) (Stoliczka*s‘‘Podwla (Plagio8toma) qptatoorenai8**y 
99 99 inXerpunciuata (Stol.) (Stoliozka’s **Padula {^Plagioatoma) infer^ 

punctuata**), 

99 (Limatula) peraimilia (Stoh) (Stoldozka*8**Badula (Limatula) peraimilia'*; closely 

allied co the European L. aemiaulcata (Nilss.) 

„ insignia (Stol.) (Stoliozka’s insignia*'), 

Ctenoatreon co7nplanatam Stol., 

Pecien verdachellenaia Forb., 

„ iVola ; Janird] quinquecoataiua Sow. (a well known species ranging from the Albian 

to the Senonian in Europe, Syria, Natal, 
Portuguese E. Africa, Borneo, Zululand, 
Pondoland, etc. and elsewhere; found also* 
in the Triohinopoly and Ariyalur stages). 

„ „ „ lavia (Drouet) (tound in the Cenomanian of Europe), 

„ {Syneyclonema) obovatua Stol., 

„ „ aivaieua Stol., 

Hinnitea andurenaia Stol. (**H. andoorenaia ’ *), 

PUcatula aeaailia Stol., 

Spondylua aubcoatulatua Stol. (closely allied to the European 8, glohuloaua d’Orb.), 

Sxogyra haliotoidea (Sow.) (found in the Cenomanian of Europe), 

„ eoatata Say (found in the Upper Cretaceous of North America and Portuguese- 
East Africa ; closely allied co the European E. overwegi Buch), 

99 aiibyybieulata (Lam.) (found in the Upper Greensand and Cenomanian throughout 
Europe and N. W. Asia), 

„ eanalieulata (Sow.) (found in the Cenomanian of Europe), 

Qryphceapudurenaia Stol. (‘*(7. poodoormaia'% 

99 veaUmloaa (Sow.) (found in the Albian and Cenomanian of Europe and else-^ 
where), 

Akdryonia dilutnana (Lin.) (found in the Cenomanian throughout Europe and in N. W» 
Asia; also in the Triohinopoly stage), 

99 earinata (Lam.) (found in the Cenomanian of Europe, N. W. Asia and N. 
Africa; also in the Triohinopoly stage). 


A Vide Mem, JSoc, geol, Francs, Pai, XVtJl, Fasc. 1 (1910), 
330 (1928). 
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Gastropoda— 

jRosteflaria turonica ^engl., 

Alaria parkinsoni (wnt.) (found in tho Albian and Cenomanian of Kurope ; charaoteriBtio 
of the Qault), 

Eocyproea^iluhsa Stol., (Stoliozka*8* (Luponia) pilulosa**), 

FveuB vertieillatus StoL, 

ColumbeUina sp., 

Nerinea incavata Bronn. (found in the Turonian of Gosau), 

„ blanfordiana Stol. (resembling the Gosau species N. bucki Kefst.), 

Ceriihium fertile Stol., 

TurriteUa (?) nerinea Bdm. (found in the Senonian of Europe), 

„ OAanthophora Miill. (found in the Cenomanian of Europe and Upper Creta¬ 
ceous of Madagascar), 

„ {Zarla) breantiana d*Orb. (occurs in Natal; a comparable form found in Portu¬ 
guese E. Africa), 

Seadaria (?) clemeniina Mich, (found in the Gault of Europe), 

Vermetue {TubtUostium) dintoidens (Stol.), 

,, „ calloaus (StoJ.), 

StraparoUue indicua Stol., 

Litiorina attenuata Stol., 

„ atrenua Stol., , 

Foeearus odiensia Spengl., 

Riaeoa tropica Stol., 

Tylostoma utaturense (SU)\,)C*Tylostofna ooiatoorense"), 

(?) ,, ter^ralis Stol., 

Ampullina hulhiformia (Sow.) (found in the Turonian and Senonian ofEurope), 

Rigarettis eeno 7 nanenai 8 Spengl., 

Cfyrodee panaua Stol. (closely related to some forms of Natira canaliculaia from the Plsener 
of Germany, and almost indistinguishable from Oyrodea conradi Meek 
from Texas; cf. also G. manuanenaia Bull.-Nowt. from the Lower 
Senonian of Zululand, 

Vanihoro [Narlca : Neritojyaia] mnnita (Porb.), 

Neritopaia erassa Stol., 

PateUa sp., 

Aatralium carnaiicvm Stol., 

„ (Calcar) jugosum (Stol.), 

Solarium vylapavdienae Stol., 

SotarieUa radiatula (Porb.) (found in the Senonian of Europe ; and Upper Campanian of 
Pondola nd), 

„ atrangiilata Stol., 

Dtdphinula annularia Stol., 

Pleurotomaria loricatula Stol., 

„ glabella Stol., 

„ (Leptomaria) indira Forb. (very similar to many species in the Upper Cre¬ 
taceous of Europe), 

Emarginula cf. guerangerx d*Orb., 

Aetceonjunceus Stol., 

ActoBOndla cylindracea (Stol.), 

CinvXia (Avellava) elongata Gucr. (found in the Cenomanian of Europe), 

Phaaianella inrerta Forb.i 

Soaphopodo— 

Dmtalium (Anialia) glahratum Stol. 

Cephalopoda*— 

Nautilua aphaericua Forb. (this is an Ariyalur species, and only a single specimen ia 
claimed to have been found in the Uta'tur, N. W. of Odiyam), 
U. „ huxleyanna Blanf. (found also in the Trichinopoly and Ariyalur stages; allied 

to the United States species, delcayi)^ 

M. „ dementinua d’Orb,, var. indicua Spengl. (include! the‘*N^. apl€iidewa’'of Blanford 

and in part the N, bouehardianua of d'Orbigny (apud 
Blanford); forma typica found in the Gault of Kiadle 
Europe), 

U. ,, anguatua Blanf. (found also in the Ariyalur), 


> C. A. Matley. Eec. LXI, 339 (1928). 
^aioharaoteristic of the Lower Utatur; 
ILms „ „ „ Middle Utatur; 

„ „ Upper Utatur. 
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Xi. 


X. 


virgatum Spengl. 


Cfephalopoda—eonfd. 

If. NautUus fteuriausianus d^Orh., var. indiea Spengl. {forma typiea found in Hadagascar* 

and in the Cenomanian of Middle Burope and 
Tunis), 

M. „ of. applanatus Zitt. (species found in the White Chalk of Libya; allied to N, 

eanUthrigiensis Foord from the Cenomanian of England), 

U. „ [T Cymatoceraa]juatva Blanf., 

L. ' Cymaioeeras negama (Blam.) (7 found in the Cenomanian of Madagascar), 

L.M. „ hayeanum (BlanL) (equated by Stoliozka with Nautilus neocomiensUt d*0rb.» 

very close to C. radiatum Sow. from the Aptian-Cenoman- 
ian of Europe), 

L. „ kossmaii Spengl. (the of Blanford and Sooliczka; 

found in the Albian of Zululand), 

(allied to C, rugatum Fr. A Sohl. from Bohemia, and to 
O. pseudo^ctegans d*0rb. from the Neocomian of Middle 
Europe and the Cenomanian of eastern Asia, and also to 
G. enarlottenae Wh. and O, auoienae Wh. from the Pacific 
coast of N. America), 

erebricostatum (Blanf.) (A Malagassy form; allied to C. cenomanemt Sohl. 

from the Cenomanian of Middle Europe. Stoli- 
czka was unable to distinguish between this 
species and C, negama) t 

„ paeudonegama Spengl., 

,, aemilobatum Spengl., 

„ cf. atlaa Wh. (a variety is found in Madagascar; e^ivalent to C. aUgana 
d*0rb. from the Cenomanian of Middle Europe), 

Hereogloaaa utaturenaia (Stol.) (Stoliczka's* *Nautilua ootaioorenaia**), 

Bdemnitea aeduaua Blanf., 

„ {Hiholitea) vltimua d*0rb. (found in Europe and the Cenomanian of Madagas, 

car; the equivalent of B. aemiGanaliculatua of 
Stoliczka and B, atilua of Blanford), 

X. „ (Paeudohdtta) aUdiezhai Spengl. (equivalent in part to B. fibula of Blanford 

and Stoliczka), 

X. „ M blanfordi Spengl. (equivalent in part to B. fibula of Blanford 

and StoliA^.lral. 

L. Phyltoceraa dlipticum Kossm. (* * Ammonites aubalpinua ’ * of Stoliczka; found in the Ceno¬ 
manian of Zululand), 

„ vdledca Mich, (found in N. Africa, Madagascar, Vancouver, Saghalin and 
Manchuria, in the Gault and Lower Cenomanian of Europe 
and the Albian and Cenomanian of Zululand), 

,, imf^oviaum (Stol.). 

„ lohiteaveai Kossm. (a Vancouver form ; cf. P, ezoenae Jok. from the Cretaceous 
of Japan), 

L. Ctytoceraa mahadeva (Stol.) (of. L. bateal Meek from the Middle Cretaceous of California 

and Queen Charlotte Island), 

L. Oaudryeeraa aacya (Forb.) (found in the middle Cretaceous of E. Africa, IS^ululand, Japan, 

Saghalin, California, Vancouver and Queen Charlotte Island), 
„ multipleantm Kossm. (found in Madagascar and 7 Antarctica, and in the 
Middle Cretaceous of Saghalin), 

X. „ vertehratum Kossm. {**Ammonites kayei Stol. non Forb.’*), 

„ madraapatanum (Stol.), 

,, invohmum (Stol.), 

„ rwdodum (Stol.), 

„ odienaa Kossm. (found in the Cenomanian of Zululand), 

,9 marut (stol.) (of. (?. agaaaizianum Piet, from the Gault of Switzrland), 

X. H'mofheanus Mayor (found in Saghalin, Queen Charlotte Island, Califorina, 

the Cenomanian of Zululand and Madagascar, and is 
the Upper Gault and Lower Cenomanian of Europe), 

„ kingianua Slossm. 

X. Daamoceraa laHdoraatum (Mich.) (found in the Middle Cretaceous groups of Europe), 

„ tnans (StoL) (fonnd in the Cenomanian of Zululand), 

Puzoaia pitanudata (Sow.), rar. (forma typiea widely distributed in the Cenomanian of 
Eur^e an4 Brazil, and identified in the Cenomanian of 
Zulwnd), 

^ creMsttZeatoKossm. (related to P.gat»dama(no9i Forb.) from Japan), . 

X. » compreaza Kossm. (found in the Cenomanian of Madagascar ; Stoliczka’s 

**Ammmitaadurga^').' 
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Cephalopoda— coriid. 

Puzosia stoliezkai Kosem. {Stoiiozktk^B ** Ammonites heudanti *'—perhaps a UkligeUa; 
found in the Cenomanian of Zululand)* 

„ insculpta Kossm., 

X. ,, bhima (Stol.) (found in Natal and in the Albian of Zululand, and related to P. 

octosulcaia Sharpe from the Cenomanian of England), 

„ aliena (Stol.), 

„ denisoniana (Stol.), 

HdUodiacua cliveanus (Stol.) 

,, moraviaturensis (Stol.), 

,, papiUatua (Stol.), 

Pachydiaeua rotalinua (Stol.), 

Seaphitea aimilaris Stol. (related to S» cequalia Sow. from the Cenomanian of Europe), 

„ oUiquua Sow., 

„ hingianua Stol., 

L. Placenticeraa warthi Kossm., 

Forbeaiceraa largilliertianum d*Orb. (fond in the Cenomanian of Zululand and the Upper 

Cenomanian of Europe), 

„ aubobtectum (Stol.) (cf. P. ohteetum Sharpe from the Upper Cenomanian of 

England), 

Acanthoceras turneri White (found in the Chico beds of California), 

,, newboldi Kossm. (found in Madagascar and in the Cenomanian of Zululand, 
and in the Upper Cenomanian of England), 

,, ,, var. apinoaa (found in Madagascar and the Cenomanian of Zululand, 

and in the Upper Cenomanian of England), 

„ „ var. planecoatata (found in Madagascar and in the Upper Cenomanian 

of England), 

,, hunteri Kossm. (allied to A, cevamanenae d*Arch. from the Upper Ceno¬ 

manian of Europe).. 

„ cenomanenae d’Arch. (found in the Upper Cenomanian of Europe), 

„ naviculare Mant. (found in the Upper Cenomanian of Europe), 

,, clioffaii Kossm. (found in the Cenomanian of Zululand), 

,, (joihic.um Kossm., 

„ harpex (Stol.) (a closely aUied form found in the Upper Cenomanian of 
Syria), 




c TTtn 




X. 

L. 


„ iropicum (Stol.), 

,, medlicottianum (Stol.), 

„ ornatisaimum (Stol.) (probably identical with A, deverioidea Gross., from 

the Iiower Turonian of France), 

„ cunningtoni Sharpe, var. cornuta Kossm. {forma typica found in the English 

Chalk), 

„ meridioruile (Stol.), 

„ aberrana Kossm., 

„ coler^inense (Stol.), 

,, footeanum (Stol.) (related to A. pedroanum White from the Cenomanian of 
Brazil), 

„ conciliatum (Stol.) (related to *4. nodoaoides Schloth. from the Lower Turonian 
of Europe and Syria), 

„ crasaiteata (Stol.), 

Acanthoceras mantdli (Sow.) C^mantelliceraa**; found in the Upper Cenomanian of 
Europe), 

,, laticlavium Sharpe, var. indica Kossm. {** mantellieeraa; forma typica 

found in the Upper Cenomanian of Europe), 

„ nahaa (Stol.), 

,, morpheua (Stol.), 

,, oicinale (Stol.) (found in the Cenomanian of Madagascar; related to A* 
awallowi 8]ium. from the Lower Turonian, U. S. A.), 

„ diacoidale Kossm. {^^ManiellieeraP'), 

Baculitea gaudini Piet, (found in the Lower Cenomanian of Switzerland), 

„ of, baeuioidea Lam. (species found in the Cenomanian of Europe), 

NeopiyrShiitea tdinga (Stol.) (found in the Turonian of Algiers), 

„ xetra (Stol.), 

8toUczkaia diapar (d’Qrb.) (found in the Lower Cenomanian of Europe and West Africa^ 

and perhaps in the Albian of Zululand), 

„ tetragona Neum. 

crotaloidea (Stol.), 

„ urgonatai/ormia (Stol.), 
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Cephalopoda— condd, 

L. Hamites armatud Sow. (found in the Lower Cenomanian Europe), 

„ anguUUua StoL, 

„ problcMaticus Stol., 

,, aif. meyrati Oostor (species found in the Lower Cenomanian of Switzerland), 
Hamiies glahrr Whit, (found in the middle Cretaceous of Queen Charlotte Island), 

L. Anieoeeras oldhamianum Stol. 

Hamulina suhlcevis Stol., 

L. Diptychoceraa forhesianum (Stol.) (found in Now Zealand, and in the Cenomanian of Mada«^ 

gascar), 

Ptychoceras tropicum Kossm. (of. P. gmUinum Piet, from the Greensand of Switzerland)^ 
L. Turrilites bergeri Brongn. (found in the Upper Gault and Lower Cenomanian of Europe 

and N. Africa), 

„ tuherculatus Bose, (found in the Lower Cenomanian of Europe and Madagas^ 
oar), 

„ circumtaeniatva Kossm. (found in New Zealand; related to T, greaslyi Piet.. 

from the Gault of Switzerland), 

„ coslatus Lain, (found in the Middle and Upper Cenomanian of Europe, and 
in the Cenomanian of Zululand, N. Africa and Tibet), 

. „ cunltffeanus Stol., 

L. „ sptnost<s Kossm. (“T. Stol.,” “non Eomer”), 

Boleostephanus superstea Kossm. (found in the Tiironian of Algiers and possibly in the 

Upper Cenomanian of Brazil), 

„ mdra (Stol), 

Schlcenbachia obeaa (Stol.) (cf. ^*AmmonUea govpiUanua d’Qrb. from the Cenomanian of 

Europe), 

Sehloenbachia propingua (Stol), 

„ utaturmaia (Stol.) (Stoliezka's ootatoorenaia'*), 

L. „ corrupla (Stol.), 

L. Pe^nquieria infiata (Sow.) (found in the uppermost Albian of Europe, and elsewhere), 
f, inflata var. orientalia Kossm., 

„ „ var, mqmtorealia Kossm. (a cosmopolitan type; found among 

other places In Angola and Madagascar),. 
Neokentroceraa gracillimum Kossm. (cf. Schlombachia tectoria White from the Cenomanian 

of Brazil), 

Crustacea— 

7 Haploparia sp. ^ 

Pisces— 

PycnoduaJ sp., 

Otodua hcualia Eg., 

„ nanva Eg., 

„ minutua Eg., 

OdoTUaapia conatrictua Eg. 

From the Utatur beds probably came the fmit-like body, apparently part of 
an Angiosperm, mentioned by Foote^ A specimen of cycad wood found near 
Trichinopoly belongs to the recent family of Cyatheace© and has been described 
by Feistmantcl as Protocyathea tricMnopoliensis , whether it came from the 
ntatur or the Trichinopoly stage is uncertain®. 

The rich fauna, comprising some 280 species, has yielded an especially large 
number of cephalopods, the great majority of which are not found in either the 
Trichinopoly or the Ariyalur stages. Although some of the early identification 
with European forms have been found to be erroneous, there is undoubtedly some 
relationship with the cephalopod fauna of the Cenomanian of Europe. The majo¬ 
rity of the Utatur fossils, however, show closer affinities with those of the Pacific 
provinces. A very large proportion of the cephalopods come from thi* neighbourhood 


> Eec. Xn, 162 (1879). 
•JRm. 136-137 (1877). 
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of two villages, Odiyam (Odium) and Maruvattur (Maravatur), some twelve miles 
northeast of Ariyalur. The species of Gastropoda are far less than they are in either 
of the other two groups, and the majority are littoral forms. The only fossils of 
much importance beside the Cephalopoda and Mollusca are the corals which 
from the prevalence of reefs at the base of the stage, are superbly represented by 
no less than 23 genera and 41 species. Those species of lamellibranchs, gastropods, 
brachiopods, echinoderms and corals, which are common to other parts of the world, 
belong for the most part to the Cenomanian or higher groups, thus supporting 
the evidence of the cephalopods^ 

At the base of the Utatur stage occur Pervinquieria inUata^ —an ammonite 
especially characteristic of the Atlantic province—and several allied species 
Samites armatus, Turrilites bergeriy Tetragonites timotheanum, Stoliczkaia dispar 
and other forms, all of which characterise the topmost Albian or the base of the 
Cenomanian in Europe. This basal sub-stage, the characteristic c^halopods 
of which have been labelled “ L ” in the above list, is seen between Kuluppatti 
{Kulappadi; Kalpadi; Cullpady ; Culputty) and Maruvattur in the form of soft 
marls and clays, with intercalated bands of fossiliferous yellow limestone in which 
are included rolled blocks of gneiss and coral limestone occasionally of some size®. 
In higher beds the extraordinarily rich Acantlioceras fauna, of the type of the 
world-wide A, rhotomagense Brongn. {A. mantelli, etc.), coupled with a large 
number of other well marked forms such as Turrilites costatus, Desmoceras 
latidorsatum and Alectryonia carinata, identify a middle sub-stage, which forms 
part of a thick and more sandy succession, as the equivalent of the Middle and 
Upper Cenomanian. In the uppermost beds of the Utatur stage, the typical 
Acanthoceras rhotomagense element has disappeared and given place to 
ammonites related to the European Turonian Acanthoceras [Mammitesl nodosoides 
{A. conciliatum, A. ornatissimum, A, discoidale, A» vicinah, etc.) and to 
the readily identified Inoceramus labiatus, a lamellibranch typical of the 
Lower Turonian of Europe. In this Upper Utatur sub-stage, exposed around 
Cunum (Eannam) and Monglepady and made up of lustrous shales with 
subordinate thickness of moderately hard sandstone or brownish argillaceous 
limestone, occurs the beautiful Nautilus huxleyanus which ranges up into the 
Trichinopoly and Ariyalur; most of the specimens of the variety of Puzosia planu- 
lata also belong to this horizon. 


^Vrederiburg divides and correlates the Utatur statue as follows (** A Summary of the 
Geology of India **, 2nd Edt., 96 (1910); 

Upper. Beds with Acanthoceras concilia turn and Nautihis huxleyanus (Turonian). 

Middle. Acanthoceras beds with numerous sjpecies of Acanthoceras and with Turrilites 
costatus. (oenomanian) 

Lower. Schlconbaohia beds, with Schlcenhachia inflcUa, Turrilites bergeri and Hamites 
armatus. (Gault). 

The Trichinopoly stage is regarded by this author as the equivalent of the Lower Senonian; 
the Ariyalur he assigns to the Campanian, and the Niniyur to what he calls the Masstriohtian 
and Danian. 

Kossmat considered the uppermost beds of the Utatur stage to be of Lower Turonian age. 

* Psrvinquima inflata is a common ammonite in the European Gault (Albian). 

* F. Kossmat. Beitr. z. Pal. Osterr-Vngams, XI, 128 (1898). 
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TRICHINOPOLY STAGE. 

Lithological Composition. —^The Trichinopoly stage, restricted as it is to> 
the district of Trichinopoly, is, nonetheless, not a well chosen name since it covers 
a smaller area in that district than either of the other two groups and is exposed 
nowhere near the town of Trichinopoly^. To the south it consists chiefly of 
sands and clays, very irregularly bedded, with a few bands of limestone and, 
some conglomerates, and differs lithologically only in one important respect 
which will be described in due course, from the Utatur group. North of the 
parallel of Utatur, regular bands of shell limestone make their appearance in 
the lower horizons until the whole group is composed of regularly stratified 
alternations of sand, sandy clay and shale, with bands of shell limestone, calcare¬ 
ous grit and conglomerate. 

The peculiarity by which the Trichinopoly beds—and incidentally the Ariyalur 
beds also—of the southern part of the outcrop are distinguished from the Utatur 
is the occurrence of granite pebbles in considerable numbers in the gravels and 
conglomerates of the two younger stages, as contrasted with their absence in the 
oldest of the three subdivisions. The materials of the few conglomeratic or gravelly 
beds which occur in the Utatur stage are derived either from the gneiss or from the 
coral-reef limestone, whilst in the two upper stages conglomerates are more frequent¬ 
ly met with, and loose masses of unstratified gravel with rolled pebbles composed 
almost entirely of granitic materials and resembling the shingle of a sea beach, 
are of common occurrence. The source of the granitic pebbles is thought to have 
been a broad belt of granitic rock north of the Cauvery alluvium, stretching from 
east^to west for many miles and disappearing eastwards beneath the Cretaceous 
deposits, the inference being that this band of granite lay in all probability beneath 
the sea during the deposition of the Utatur sedimencs but was elevated above 
water in the interval between the Utatur and Trichinopoly ages*. 

The shell limestone of Garudamangalam, east of Utatur, and of other places, 
is a very fine, hard, bluish grey, translucent rock, usually abounding in beautifully 
preserved shells, chiefly gastropods and lamellibranchs, which not only retain 
their original polish but occasionally even the coloration of their surfaces. This 
rock, which is known as ** Trichinopoly marble ” and is largely quarried for 
ornamental purposes, has yielded a considerable proportion of the stage fauna 
occasionally it contains pebbles of granite or fragments of fossil wood, any of 
which are sufficient to distinguish it, even when otherwise unfossiliferous, from 
the Utatur limestones. 

Coastal character. —Even more characteristically than the Utaturs, the 
Trichinopoly beds are littoral deposits of a shallow sea. This is proved, not only 
by the frequent occurrence of coarse sediment and the great irregularity of the 
deposits in part of the area, but by the abundance of fossil wood which is almost 
exclusively gymnospermous and apparently cycadaceous ; tree-trunks of great 
size, some of them as much as three feet in diameter and sixty feet long, are met* 
with, mhch of the wood being perforated by boring mollusca. 

Relationships to older rocks. —The beds of the Trichinopoly stage arc 
unconformable to the Utaturs, upon which they rest throughout the greater part 
of the area. The evidence of this unconformity is not confined to overlap, for in 


* 0. A Matl^. Eee. LXI, 338 (19281;. 

* H. 7. Blanfcrd. Mm. 17, 31,108409 (1862). 
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places the Trichmopoly sediments lie upon a denuded surface of the Utaturs and, 
along the southern edge of the area, the latter show signs of having been disturbed 
and faulted, probably during the period of upheaval of the granite band already 
mentioned, before the deposition of the Trichinopoly formation. In the southern 
portion of their range the Trichinopoly beds rest partly upon the coral reefs, t,e., 
upon some of the lowest horizons of the Utatur stage, partly on the metamorphio 
rocks of the neighbourhood, and along a considerable portion of the boundary 
upon the granitic band. The unconformity is accompanied by a considerable 
change in the fauna from one stage to the other. 

Thickness and extent. —Like the Utatur, the Trichinopoly group is so irre* 
gularly bedded, and the visible dips of its rocks are so frequently those of original 
deposition, that no trustworthy estimate of the total thickness can be formed. 
The general inclination is to the eastward, the average breadth of the outcrop ia 
nearly the same as that of the Utatur beds, and the same minimum thickness of 
1,000 feet may be assumed. The general dip of the bedding in the more regularly 
stratified portion of the stage to the northward averages about 6° and is lower 
than the dip in the underlying stage. The Trichinopoly beds thin out greatly in a 
northerly direction and are at length completely overlapped in turn by the Axiya* 
lurs. Extending from S. S. W. to N. N. E., the Trichinopoly outcrop is broader 
in the southern'half of the area, where it is about four miles across, than it is in 
the northern half where it never exceeds two miles in width. In thinning out 
northward, it disappears completely at a point some two miles south of the place 
where the Utaturs are similarly overlapped by the Ariyalur beds. 

Along the southern boundary of the Utatur outcrop several outliers of Trichi¬ 
nopoly beds are found, resting partly on the Utaturs, partly on the gneiss, and 
occasionally overlapping the faulted boundary between the two. Wiese small 
outliers, one of which, south of Tinipatur, forms the southwest corner of the whole 
area, are composed of coarse sands and conglomerates, usually unfossiliferous 
but occasionally containing Chemnitzia undosa and other characteristic Trichi* 
nopoly fossils ; the materials of which they are formed were derived partly from 
the denudation of the Utatur beds but chiefly from the metamorphio rocks. 

Fauna. —Of the fauna of the Trichinopoly stage, which is not quite so rich 
as that of the Utatur, over 185 species have been described by Stoliczka, Kossmat 
and Spengler ; with some minor revision they are as follows (vide footnotes 1-4, 
page 1226): 

Anthozoa— 

Troehoeyathua affinia StoL, 

Trochoamilia infiexa Beuss (found in the Turonian of the Gosau and France). 

Phylloeoenia muUiaepta Stol., 

Aaifoeomia decaphylla Mioh. (found in the Turonian of Europe). 

•Ni, Myeetophyllia nobilia Stol., 

Jaaatreea tnorchdla Beuss (found in the Turonian of Europe). 

Echinoidea— 

Etmiaater tuberoua Stol. (provenance uncertain). 

Brachiopoda—. 

Rhynchonella eomprea^ (Lam.) (found in the Upper Cenomanian and the Turonian of 
Europe). 

plicatihidea Stol., 
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Braohiopoda— cotUd» 

TefwaJtvla hiplieata Sow., yar. dutempUana StoL, 


Ar. 


(Gibbithifria) subrotuftdata (Sow.), yar. svhundata Stol. (speoifio determination 
doubtful), 


„ „ grandis Sahni, 

Kingena ahaUmurenHa Stol. (allied to **Terehratula roberUmi d’Arch.”), 


Lamellibranchiata— 

Vcrbula atrieduhidea Forb. (perhaps equiyalent to C. codMearia d’Qrb.), 

Ar. ,, paraura Stol., 

„ eaneellaria Stol., 

Ar. Ouapidaria INeaera^ mutna (Stol.), 

At. Poromya lata Forb., (perhaps a yariety of P. gUhuloaa Forb.), 

„ auperba Stol., 

Spiaula {SMzodeatna) tri^rtita (Sow.) (Sowerby’s ** Afoctra tripartita'* apud Forbes)^ 
Thracia [Gorimya'] oldhamiana (Stol.), 

PAoiadomya lucerna Roem. (found in the Upper Cretaoeous of Portuguese E. Africa; 

of. P. eavdata Roem. from the European Senonian, with 
which Stoliozka identified it), 

„ radiatula Stol., 

„ pediaulceUa Stol., 

Ar. Panopt [“Panopeo**] orienialia Forb., 

Ar. Sokn {Siligua) limatua Stol., 

Ar. », (PhareUa) delioatulus Stol., 

Tellitui (TeUindla) petroaa Stol., 

,, {PalceomcBra) inconapicua (Sow.), 

„ {Linmria ?) aemiaeulpta Stol., 

Donax 

Meretrix {Doaitiiopaia ?) plana (Sow.) (found in the Upper Greensand of Europe; Stol- 

iozka’s “ Ogtherea plana '*), 

„ (Oalliata) fahulina (Stol.) (Oytherea**), 

Ar. „ ( „ ) vagrana (Stol.) ( „ ) 

„ ( „ ? ) aoliUma (Stol.) ( „ ) 

At. „ {Oaryatia) teluganaia (Stol.) ( „ ) 

„ ( „ ) *n<crcMO (Stol.) ( „ ) 

Eocyprcea newboldi (Forb.) ("Cyprcea newboldi Forb.) 

Ar. Oyprimeria analoga (Forb.) 

„ oldhamiana Stol., 


Aatarta (Eriphyla) lenticularia (Goldf.) (the equiyalent of "Lucina lenticularia Goldfuss’* 

from the Upper Cretaceous of Germany; found 
in the Senonian of Natal, Zululand and Pondo- 
land), 

JTrapezium sp., 

Ar. Venericardia obtruncaia Stol., 

[Oyprina’\ Arctica forheaiana Stol., —Cox retains Oyprinia, Bullen Newton's VenieUa 
forheaiana, CSioffat’s ** Roudaireia" forbeaiana (found in the lower Senonian of 
Zululand and Upper Campanian of Pondoland); also in Angola and Tunis. 

Oicatrea cordialia Stol., 

Oardium (TradhyeardiunC^ incomptum Sow., 

„ {Acan&oeardium) puUatum 

,, {IXicavieardium) acrohictUatum Stol., 

„ (Protoeardia) hiUanum Sow, (a widespread form; found in the Cenomanian, 

Turonian and Senonian of Eur(m, Africa, N. 
America and other places, especially ofaaracteristio 
of the Turonian), 

„ ( „ ) pondieherrienae d*Orh,, 

Ut. Oofdium (Fragum) $waeeunana 
Chama dapkmata Stol., 

Ut. Ar. Xtfcsaa (ifpffea) areotina Stol., 

Oirea irigoniMeo Stol., 

Ar. TrigoniaaeiBdaa'lmm. (common in the Upper Cretaoeous of Europe), 

„ tubemUifera Stol. (dosely resembling T. ventricoia Krauss, a very oharaoterlstie 
lambellibranoh in the Uitenhage series of South Africa), 

,> atmicuUa Forb.^ 

Olyeimeria [As^neal eardiaidea (d*Orb.), 

Paraiklodon [itfocrodon] di^gakU (d’Orb.) (Weltkeii^s gentui Nordent 
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Lame]libraiiohiata-*eot»M. 

TrigofMOfca tdugetisis Stol., 

M (Forb.)» ^ 

M irtehinojmiUnHa (Forb.), 

Ana (BanhaJtia) diatreia Stol.» 

Myoeandha wbcvata Stol., 

Modiola typiea Forb. (found in the Turonian of tbo Goaau, and the Upper Campanian 
ofPondoland), 

Piwaa eomplanaia Stol., 

M arala Forb. (eloaely allied to the Eurpopean P. decuiaOa Goldf.), 

Inoeeramua muUiplieaius atol,, 
s, divttaua Stol., 

„ gtiniizianua Stol. (perhape identioal with /, conctnirieua Gein. from the 
Plaener of Saxony), 

•opndForbea), 
r Sow. 

(usually quoted aa P. vfipaliia Nilas.; ranging firom 
the Cenomanian to the Senonian in EurO|;e), 

„ (Patudamuaium) garudanus Stol. 

PUeaiiUa muUieoafaia Forb. (cloaely allied to the Gosau species JB. aapera Sow.), 

Spondyhta calcaratua Forb. (allied to the European £f. intneaiua Goldf.), 

Bxogyrafaaata Stol., 

Saogyra of. syJborbieulata Lam. 

AUdryania diluviana (lAinn^) (oommon in the Cenomanian of Europe, and found also 
N. W. Asia), 

„ am^ha (Sow.), 

„ earinaia (Lam.) (found in the uppermost Cenomanian throughout Europe 
and in N. W. Asia and N. Afriea), 

Soaphopoda— 

Denialiutn {Antaliz) eraaauhm Stol., 

„ { $9 ) arcdinum Forb., 


jriaener oi aa 

pedan anapaudUnaia Stol. (P. obliguua Sow. < 
Ut. Ar. „ [Fola; Janina] ^iMueeoaUdaa I 
Ar. „ {Oamptimader) eurwUua win. (usuai 


Gastropoda— 

AngyaUma arcotenae Stol., 

PugaaUua eontortua (Sow.) (found in the Upper Campanian of Pondoland), 

Ar. „ graiittlt/Bnia (Stol.) (found also in the Ariyalnr stage), 

?Ar. „ uncaiua (Forb.) (a wide^read form, found in mtal, Portuguese E. Africa, 

Chile, etc.), 

Ar. Aparrhaia aeeurifera (Forb.), 

Ar. Aporrhana tegulata Stol; 

Aparrhaia of. hailyi Eth., 

„ triehinopolitefuia Spengl., 

„ (Arrhagea) indica (Spei^l.), 

Ut. AUtria parkinaoni (Mant.) (found in the Albian and Cenomanian of Europe), 

„ glandina Stol., 

Ar. OaUyptraphorua pdUiatua'FoTh; 

Phuroioma auJbfaaiformia d’Orb. (found near the top of the Trichinopoly stage ; also in 

the Turonian of Gosau), 

Ooaavia indica Stol. (found near the top of the Trichinopoly stage ; probably belong 
to Douyille’s genus i>»plocon«fa.), 

PUurotomaria trichinopoliUnaia Spengl., 

Ar. TroehmareoUnaia Porh* 


Bocyprcaa naoMdi (Forb.) {**OypriKa newbMi Forb”.), 

Prdoeyproaa ficulina (Stol.) (*"uyprcaa {Aricia) fieulina Stol.”), 

„ orhignyana (Vred.) {••Owrcaa neuMdi Stol., non Forb.”), 

„ eoromandaliea (Vr^.) (''Cyprcaa kayti Stol. in part”), 

?Ar. ,» kayti (Forb.) (Oyprwa kayti Forb.; found in the Senonian of France), 

SeaphMa {Scapha) adanwda (Stol.), 

Ydidodarma (RoaUdlinda) aioiiezkana Dali, 

„ „ meiifa Dali, 

„ „ ttnua Dali, ^ ^ . v 

„ „ matUiatriaia (Stol.) (found near the top of the stage), 

GSI/i4 



1188 


XANUAii cm oaoLoor or ihoia and bubma 


[Yoib n. 


ChMtropoda^^eoiiii. 

Aim iiAlefa 

VoUUiUtiUa Meumvlala Stol., 
fX^ayraiitcloMStol. (ivrovenance uncertain)* 

YmulomUm eandticulaia Stol., 

LtAifUB reuMtaiMM Stol. (probably equivalent to the Qoaau epedee Fvsut reuMi Zek.), 
FaacUtaHa rigida (Baily) (a common epeciee ;fottnd in the Cenomanian of 8. Africa), 
eineius Stol., 

Ar. ffemifitsw (Jdafferia) noduiasus (8toh) 

?OJkry§odomus [N^iunea] etteavaia (Blanf. )(found in the Upper Cretaoeoue of Madagae- 

ear.), 

Ckrff9odomu8 gihbota Stol., 

„ reguionkma (d’Orb.) (found in the Turonian of Franoe), 

„ granvlaia Stol., (rare), 

„ triehinopolitenais (Forb.) 

Pott»a|KmdtchefneiMM(Forb.)(eome authorities regard PMia, Tritonidea and Ctmiharus 

as i^onymous genera), 

Trophon oldhamisnitei StoL, 
i?opo andurenais Candoorenaia**) Stol., 

„ nodifara Stol., 

„ eanediata (Sow.) (high up in the group), 

Rapana ftthereulora Stok, 

Tfichotropia honincki (Mdll.) (found in the Senonian of France), 

,, nodvloaa Stol., 

Ni. CaneeUaria {Narona) eximia Stol., 

Odontosiofiia antiquum Stol., 

Ar. CarithiumlCampanileiinauguratum Stol., (found in the <*Craie pisolitique*’ near Paris), 
„ ilFibula] hiapidtium Stol. (resenibling C. hiapidum Zek. from the Gosau beds), 
Ar. „ „ deteetum Stol., 

Ar. „ [JExeliaaa] scalaroideum Forb.,. 

Ar. „ vagana Stol., 

„ elarandum Stol., 

Ar. „ * le Mich, (common in the Albian of France), 

Potamidea {Sandbergia) poathdlierianum (Spongl.), 

Ar, „ „ eriapicana (Stol.), 

ArcPtia indica Stok, 

Turritdla (**Toreula**) affinia MOll. (found in the Senonian of France), 

Ar. „ (**Zaria**) muUiatriata Beuss (found in the Turonian of Europe), 

Ut. „ „ breantiana d’Orb. (found in the Upper Cretaceous of Madagascar), 

Ut. „ aeanthopharamiU 

„ neptuni Mtinst. (found in the Turonian of Europe), 

Sedlaria [S^eoja] shutanurenia Stok, 

Littorina inconatana Stok, 

„ aeicularia Stok, 

„ trichifhopolitenaia Spengk, 

Ut. Foaaama odienaia Spengk, 

Riaaoa oldhamiana Stok (especially characteristic of the. sone of Pachgdiacua caju, P* 
anapmtdienaia and P,jimboi), 

Ut. „ tropica Stok, 

Keiloatoma politicum Stok, 

Paeudomelania [Ghamnitzia'] undoaa (Sow.), 

Ar. lEuchryadlia gigantea Stok (Stoliozka’s illustration is unlike Eucharyaalia which is a Triasaic 

genus, but Spengler also records it), 

Tyhatomae nobil Stok, 

Rimdla indica Spengh, 

„ triekinopolitenaia Spengl., 

Ar. Amaurcpaia pannucaa Stok, 

„ aubeaneellota Hamk, 

Ut. Ampullina bulbiformia (Sow.) (found in the Turonian and Senonian of Europe), 

„ obliquaatriata (Forb.), 

Lunatia metheroniana d’Cfrb. (a European species), 

Euapira indrana Stok, (found near the top of the stage), 

„ fiioftcB (d’Orb.), 

Ut. VanihtfTQ npunikt (Forb.), 

,, „ var. eandliculata Spengk, 

Ut. Atm Oyrodea panaua Stoh, 
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Ar, Oyrodea Unelltu Stol. (found in the Upper Chimpanian of Pondoland), 

Ar. Neritina eompaeta (Forb.)» 

Ar. Phaaianella ineerta Vorh., 

Ar. „ globoidea StoL, 

Ar. Cdllioitoim [Zi^iphinm] geinitzianutn (Reads) (found in the Turonian of Europe), 

Ut. Ar. 8<jlaridla radiaiula (Forb.) (found in the Senonian of France and of Seghalin), 

Ut. „ atrangvlata Stol., 

Margarita orhieulaia Stol., * 

GyUchna dltemata (d*Orb.), 

Bullina erdaeea (d’Orb.), 

.Ni. Solidttla semen (Forb.), 

Purpura indica Spengl., 

Aeiaeonina Uneolala Reusp, 

Aetaeon auhiaerigatua Spcngl., 

AeicBOn aeminatva StoJ., 

„ iurriculaiua Stol,. 

Ut. ActcBonella eylindracea Stol., 

Cinulia (Anellana) antpla Stol., 

„ (Anellana) eUmgata Guer., 

„ {Eriptycha) globata Stol. (found near the top of the Trichinopoly stage ; often 

mis-spelt '*Euptycha"), 

,, ,, muformia (Forb.), 

Ringicula acuta (Forb.), 

^Cephalopoda— 

Ut. Ar. Nautilus hnxleyanus Blanf., 

Ar. ,, lent if or mis Stol., 

Cijmatocerua cf. sanaaureanum Piet, (species fond in the Gault of middle Europe),- 

„ aif. athM Wh. (''Nautilus ekgana'^ of Blanford and Stoliezka ; species found 

in the Cenomanian of middle Europe and the 
U. S. A.), 

•^Gaudryceras varagurmse Kossm., 

,, politiasimum Kossm. (found in New Zealand), 

Teiragonites cpigonus Kossm. (found in Madagaocar, New Zealand, Antarctica and S. 

Patagonia), 

Heteroceras indie urn b\o\, (allied to or identical with//. polyplocvm Roem. from the 
Upper Senonian of north Germany, and very close toH, 
aaxonicum (Schlut.) from the Upper J’uronian of Germany),, 
Baculites aff. hohemims Fritsch (spijcies found in the Turonian of Boliemia), 

Placenticeras tam^dicum Blanf. (allied to P. syrtale Mort. of Europe and N. America, and 

to P. placenta, var. intercalare Meek of X, America and 
elsewhere, both Lower and Middle Senonian ; it is also 
close to P. svhhn ffrnrium Spath of the Zulaland Senonian), 
Peroniceraa dravidicum Kossm. (found in the Albian of Zululaiid and in the Oameroons ; 

related to P. auhtricaritiata (d'Orb. from the- Lower 
Senonian of Europe), 

JScldoenbachia aerratocarinata (Stol.) (related to S. germari Reuss from the Turonian of 

Europe), 

Scapliites brahminicus Stol. (related to 8, geiniki d'Orb. from the Turonian of Europe), 

„ simularis Stol.^ 

(?) andurensia { Stol.), 

(?) idoneua (Stol.), 

Holcodiscua para vat i (Stol.), 

„ thedbaldianua (Stol.), 

„ reciirrena Kossm., 

„ aparaicoatatua Kossm., 

„ pachyatoma Kossm., 


1 0. A. Matley, Pec. LXI, 339 (1928). 
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Cephalopoda—-eonld. 

KoumaHttfiks {XadrasittBl fthavaat (StoL) (foundintheAlbianandSenonianofZululand; 

doubtfully in New Caledonia ; a yerlety in 
Antarctica), 

f, „ buddhaicum (Kossm.) (alied to K» eutnaheyasnae of the 

Antarotic, California and New Cale* 
donia), 

Paehydiaeua eaju (Stol.) (related to P. paramplna Mant. from the Turonian of Europe 
and elsewhere in both the Atlantic and Pacific areas), 
anapaudienaia (StoL) (also related to P .perampliia Mant.), 

„ " jinAoi Kossm. (related to P. peramplua Schmidt, non Mant. from the Turonian 
of^ghalin), 

„ Muturenaia (Stol.) (related toP. P. at^neri Yok. from Japan), 

„ erieki Kossm., 

Puzoaia augata (Forb.) (found in the Senonian of Zululand ; related to P. daiwaai (Jimba 
from Japan), 

„ gaudoma (Forb.) (found in Madagascar and Japan and perhaps in New Caledonia ; 

identical with P. harnenaia (Schlut.) from between the Turonian 
and Senonian of Germany), 

„ indopacifica Kossm. 

Crustacea— 

Waoeareinua sp. 

Ut.ssfound also in the Utatur stage. 

Ar.s= found also in the Ariyalur stage. 

Nissfound also in the Niniyur stage. 

From this stage also Mr. L. R. Rao has identified the Radiolarim, Cenosphcera^ 
StaurospAcara^ Odontoaphoara^ Xiphostylus, Rhopalastrum^ Carposphcera (.^), and 
Lithocampi^ 

The Cephalopoda are comparatively poorly developed, only 30 species having 
been identified ; the LytoceraSf Tumlites, HamUeSf Schkmbachia^ rervinquierea 
and Acanthoceras of the Utatur are wanting or much reduced in numbers, and 
have given place to Hokodiscus and Pachydiacua. The Trichinopoly assemblage 
seems to have come for the most part from two different horizons, the lower, ex¬ 
posed at Oarudamangalam, representing all but the lowest portion of the Turo¬ 
nian, and characterised by ammonites related to the widespread Pachydiscua 
peramplua and by Cardium (Protocardia) hiUanumy the upper exposed at Varagur 
and belonging to the Lower Senonian, with Placenticeraa tamulicum and Hetero- 
ceraa indicum. 


ARIYALUR STAGE. 

Extent and oomposition. —The name of the Ariyalur stage of the south 
Indian Cretaceous is derived from the town of that designation situated nearly 
in the middle of the comparatively large expanse of Ariyalur beds in the Triehi- 
nopoly district. The country occupied by the beds of this stage is much covered 
wiQi cotton soil, and exposures are ever rarer than they are in the case of the two 
lower subdivisions. 

The Ariyalur beds are more arenaceous than those of the two lower groups 
and more uniformly bedded, consisting principally of white unfossiliferous sands 
and gr^ argillaceous sands with casts of small fossils, in thick homogeneous beds. 
Beds of calcareous grit and noduhir calcareous shales ate found towards the base 
of the group, constituting a highljr fossiliferous zone *, above this comes a consi¬ 
derable thickness of deposits in which fossils are rare or wanting but include some 


^ Jawm, Pcy» Mkroa, goe*, Vol. HI, 857-361 (1982). 
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interesting remains of a Megalosaurua in one of the beds. These two sub-stages 
are parallelled in the rocks of the same age in the Pondicherry area, where, however, 
the upper has yielded a copious fauna. Conglomerates are of rare occurrence in 
the Ariyalur stage, though a coarse bed is found in places near the base. Except 
in the vicinity of the southern boundary, there is but little irregularity in the bed¬ 
ding of the sediments. The constituents of the beds were derived chiefly from the 
mei^aniorphic rocks ; contributions came from the granitic band to the south and 
a portion of the sediment must have been furnished by the waste of the older 
stages, especially the Utaturs. 

The above description of the lithological characters belongs to the beds near 
Ariyalur, but is to a great extent applicable also to the rocks seen near Yriddhacha- 
I am and Pondicherry. In both these localities th e Ariyalur deposits are represented 
chiefly by sands or sandy clays, with beds of arenaceous limestone or calcareous 
sandstone at the base of the group ; in Vriddhachalam the area as a whole is largely 
without fossils. There is some obscurity concerning the mutual relationship of 
the beds belonging to the Ariyalur stage in the Trichinopoly area, and this diffi¬ 
culty is complicated not only by the concealment of so much of the group beneath 
superficial accumulations, but also by the circumstance that there is in many 
places an apparent passage up from the Trichinopoly stage into the Ariyalur, the 
rocks being similar in mineral character near the junction and many of the fossils 
ranging from one group to the other ; it is at the same time to be admitted that 
some of the fossils 8 upy) 0 sed to have been procured from the Trichiuopoly stage, 
may really have been collected from the Ariyalur, and vice versa. 

In the eastern portion of tjic Trichinopoly tract, the area occupied by the 
Ariyalur bods has been estimated at about 200 square miles, or more than that 
covered by the two lower subdivisions together, but this includes the area of the 
Niniyur Beds which were at first classed as a sub-stage of the Ariyalur. The 
lower fossiliferous zone is found resting upon the Trichinopoly beds to the west. 
Although in some of the more central sections there appears to be a passage from 
one to the other, the younger stage, both to the north and south, overlaps the older 
and there is in places a visible unconformity ; such a relationship also makes it 
easier to understand the very rapid diminution in thickness of the Trichinopoly 
beds in a northward direction on the supposition that they had suffered partial 
denudation in pre-Ariyalur times. The great bulk of the Ariyalur outcrop in the 
two more southerly tracts of Trichinopoly and Vriddhachalam appears to consist 
of the upper portion of the formation, composed of thick sands with but few deter¬ 
minable fossils. 

Although the combined thickness of the Ariyalur and Niniyur groups can be 
estimated with a nearer approach to probability than in the case of the two lower 
stages, the estimate is still far from precise. The dip of the beds is very low 
rarely exceeding 2® or S"*, the general iucliuation being northeast. In the Trichi¬ 
nopoly tract the two stages in all probability do not exceed 1,000 feet and the total 
thickness in tlic Pondicherry ajpea ,ha8 been estimated by Dr. Warth to be about 
900 feet; in the intermediate area of Vriddhachalam the beds appear to be much 
thinner. A very small outlier of Ariyalur beds occurs close to the coast ten miles 
north of Pondicherry, and another still smaller three miles farther north. 

XiOwer and upper boundaries. —As already partly noticed, the Ariyalur beds overe 
lap on to the Utaturs for a distance of rather more than two miles in the northern 
portion of the Trichinopoly areaand, still farther north, were deposited directly 
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bn the gneiss. They also rest on the gneiss throughout the whole breadth of their 
outcrop in the south of the Trichinopoly area as well as in th e Vriddhechelam tract; 
in the Pondicheiry tract they probably do the same but the boundary is completelj 
concealed beneath the Pleistocene Guddalore Sandstone to the west and east and 
by recent alluvium to the north and south. In the northeast of the Trichinopoly 
area the Ariyalurs di^ppear beneath a narrow belt of Niniyur strata which inter¬ 
venes between them and the unconformable Cuddalore Sandstone ; farther south 
there is no record of the presence of the Niniyurs, and the Ariyalurs are, presumably^ 
directly overlain by the Guddalores. Throughout the Vriddhachalam area tho 
Ariyalurs disappear eastwards beneath the Cuddalore beds. 

Mode of Accnmalation* —The Ariyalur beds appear to have been deposited! 
mostly in a tranquil sea of small depth, although the deposits are less characteris¬ 
tically littoral than those of the Trichinopoly stage, and the evidence of the vicinity 
of land afforded by the occurrence of fossil wood is less abundant. 

Genml character of the fauna.— The invertebrate fauna of the Ariyalur 
exceeds in richness even that of the Utatur beds, about 420 species having been 
detected. As in the Trichinopoly stage, gastropods predominate ; there is an 
abundance especially of carnivorous prosobranchiate forms (Streptoneura) which,, 
as is well known, appear to replace the Cephalopoda of the older periods in Tertiary 
and Recent seas. The Cypraeid® and Volutid® are richly represented. LamelJi- 
branchs are not much less numerous, but the cephalopods are distinctly subordi¬ 
nate ; the most important of the latter are the Upper Senonian Pachydiscus and 
BacuUtes.^ The msot characteristic differential feature of the third of 
the four Cretaceous stages is the abundance of Bryozoa and eohinoderms. 
Amongst the Vertebrata the only important representative is a Megalosmmis 
of which a tooth was found at Kallamedu (CuUmoad) in the upper part of the 
stage, together with a number of bones which, however, could not be extracted 
in a sufficiently perfect state for determination,* The tooth closely resembles that 
of M. buchlandt, found in the Stonesfield Slate and Portland Oolites of England. 
Assuming the correctness of the determination, the occurrence of this genus in 
the Upper Cretaceous of India is of peculiar interest, because in Europe it ranges 
from the Lias and not above the Wealden (Neocomian). Bones of both 
theropodous and stegosaurian dinosaurs have recently been observed by Professor 
S. Iyengar* and by Dr. Matley.* Dr. Matley’s specimens also came from Kalla¬ 
medu near the base of the upper sub-stage of the Ariyalurs (Blanford’s middle 
subdivision, of Upper Senonian age), but were too friable to be extracted. 

Sabdivlsion and faumas in the Pondicherry area.— The Ariyalur outcrop 
of Pondicherry has been examined and subdivided in more detail, both stratigra- 
phically and paI®ontologically, than the tracts in Trichinopoly and South Arcot^ 
and wiU stand first for consideration. The area occupied by these beds in Pondi¬ 
cherry extends tsom Yaluda^r for about nine miles to the northeast and is less 
than four miles broad. Their junction with any older formation, except with the 
Hermea stage, is invariably concealed, and the country north and south is covered 

KoiMnat. Bee XXVIU. 40-41 (1806). ^ 

* B. Lydekkar. X, 41 (1877); Mr. L. B. Bao has recently identified a cervical vertebra 

as that of a megalosaurM {Amer. Joum. Net:, Vol. XXIV, pp. 221-224, Sept.,1982. 

* BdU-ywfly Mywrt Vol. I, No. 2, July, 1027, pp. 153-157. 

tJ8ec.LXI, 887(1928). 
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with alluvium. The western boundary is hidden beneath the Cuddalore sandstones 
of Tiruvakkarai (Trivicary), 

This very i^erfectly exposed stage in the Pondicherry area has been sub¬ 
divided by Dr. H. Warth into five horizons* each of which has a general but very 
gentle dip towards the southeast. The general lithological character of all 
the beds in one of sand or sandy clay, with calcareous nodules or concretions 
scattered throughout the whole formation. 

The lowest horizon, A, consists of white sands with large nodules, followed by 
yellow, gravelly sands and, at the top, sandy clays with large botryoidal calcareous 
concretions. The only signs of life are some annelid burrows found in the nodules 
and concretions of the lowest and highest layers. 

From the next horizon, B, fossils have been obtained both from the concretions 
and from the sandy matrix, while horizon G has yielded an important cephalopod 
fauna. Horizons B and C, each containing much the same fossils, together with 
the unfossiliferous Horizon A, together constitute what are known as the Yaludayur 
beds, which were at first erroneously included in the Utatur. 

Horizon D is characterised by a continuous bed of sandy shale, several feet 
thick and full of the casts of shells, including that of the lamellibranch Trigonoarca 
galdrina, and numerous small fish teeth ; the shell casts are composed of a rich, 
black phosphate, many of the concretions being likewise strongly phospbatic. 
The latter contain from 56 to 59 per cent, of calcium phosphate and have been 
exploited commercially, but the accompanying high calcium carbonate content 
(16-20 per cent.) handicaps their use for the manufacture of superphosphate ; the 
low ridge east of Valudayur has been estimated to contain about 8 million tona 
of nodules or concretions within a depth of200 feet.* Horizon E, not conspicuously 
distinguishable from D, is rich in nodules of shell limestone and is not without 
phosphatic concretions; this shell limestone has been very largely used for 
building purposes, and the various fossils of the horizon can be studied in 
section in the walls and pavements of Pondicherry town. The coral CycloUtes 
filamentosa is especially prominent and characteristic ; Exogyra osirad^ia, a lamelli¬ 
branch widespread in the Campanian of Europe, is also common. Horizons D 
and E constitute a single palaeontological sub-stage to which Eossmat has given 
the name of ‘‘Trigonoarca Beds”. 

Blanford divided what he called the Ariyalur stage of Trichinopoly into three 
sub-stages : (i) a lower fossiliferous group ; (ii) a middle, almost unfossiliferous 
group ; and (iii) an upper fossiliferous group of very limited distribution (now 
separated off as the Niniyur stage), and has roughly sketched their geographical 
limits in his text though not on his map. This classification in all probability 
corresponds more or less approximately with the threefold grouping originally 
applied to the Pondicherry succession and readopted in this work. It is , for 
instance, almost certain that the Yaludayur sub-stage of Pondicherry is present 
at the Trichinopoly localities of Eallaldcudi and Earapadi, which are situated 
on rooks just above the upper boundary of the Trichinopoly stage. Similarly 
the Trigonoarca beds of the rondicherry area are closely matched by occurrences 
at the villages of Ariyalur and Otacod. The beds at Eallamedu are also assigned 
to the Trigonoarca subdivision. As already explained, the uppermost of the 
three groups in each case—^the Ninijrur of Trichinopoly or its equivalent the 


* M. S. Xrlshnan. Hec. LXX, 421 (1936). 
XXVin, 15 (1895). 
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Neriaea of Pondiolierry—is best regarded as a separate stage and not as part of 
the Axiyalur stage. The table on pp. 1220'! shows the classification of the 
Ariyalur beds; while the fauna found herein is as follows 


i FoMih, 


Authozoa— 

Oyclotitea eonotdea Stol. 

,, f< 3 Bcata Stol. . 

„ filafnentoaa Forb. 

,, ofbieula Stol. . 

Fohinoidea^ 

HemiaaUf pvUusBtoh . 

tamtdicua Kosain. 


„ rand (Forb.) 

„ sexariguiatus d’Orb. 

StignuUopygus tUUus (Forb.) • 


Vermes-^ 

Serpidafiliformes Sow • 
Diirupa(l) longiaaima Forb. • 
Bryozoa^ 

LumAitM «p. • • • 

BracbSopoda— 

TtrdtraivXa arabilis Forb. 

,, hiplicata Sow., var. 

Tr. Ar. »» harapaudenaie Stol. 

Lamellibranohiata^ 

Anamia ap. 

Aleclfpoma ungulata (Sohloth.) 


JBxogyra ostracina (Lam.) 

Tr.*’P»fino oraia Ford. . 

Vt.* tf laticoataia Btol, . 

1 .... modiola pclygonad^Orh. 

» fiagdliferaFoih. . 

Plieaiula8epUmoo9tataFoT}}. . 


Foltfda- Triqono- 
ffUf €urea 

bed»* beds. 


a 

a 


a 

a 


a 

a 


a 

a 

a 

a 


a 

a 


Semarka, 


Related to H, aouUeri Fall 
from the Senouian of 
France. 

Forbes’ ^^Briaaua rono.” 

Abundant. Forbes’ '"Nucleo 
litea {Caaaidulua) elatua*\ 
and equivalent to Cyrtoma 
herachdiana MoClell). 

Found in the Upper Cretaoe. 
ous of Europe. 


A widespread form, found in 
Baluchistan, Assam, Europe, 
N. Africa, Palestine, ’Oman, 
Madagascar, Portuguese £. 
Africa, etc. 

Found in the Upper Cretace¬ 
ous of Europe. 


Allied to m. flageUifera Zitt. 
(non forb.) from the Seno- 
. nian of the Qosau. 


1 The following fossils are recorded from Pondicherry but do not figure in Kossmat’s list: 
GaaMkaana aapargilhidea (Forb.), O^maria (Axinea) levieulua (Stol.), 0. (A.) eardUndaa 
(d*Orb.),.P»ii»a emaobrina d*Orb., GafviUia klanoidaa CaneeUaria (EucUa) brevis 
pUedta (Fprb.), U. (N.) eamdeo (Forb.), Oariihium aphaeruUjarum Forb., DenUdium 
{Ankdia} arotdiwam Forb., and D, (Fua^iaria) jparauium Stol., and the fishes, Sphuercdua 
ruffuhaua Bg., Ceram prUMcadfaa Ag., U. inciana Eg., Otodua nuirginaiua Eg., 0. baaal 
Eg.f O. nanna Eg., 0. nUmina 'Eg^^ Odivergena Eg., Lamna (Oxyrhina) iriangularia Eg., 
OdONliispis eoasfncIttsEg., O. exyprien Eg., Imam compIanatoEg., L. aigmoiwm Eg.; some 
of these are found also in the Trichinopoly district (Q./.U.S., Vol. 1,164-171 (1845)). 
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FosBiU, 


Valuda^ 

yur 

beds. 


AKD SOHB EQUIVALENTS 
Trigono^ 

area Remarhs. 

beds. 


Lamellibranohiata— wnid, 

Tr. SpondyUte, edUaratua Forb. • • 

ariydlwtenaie Stol. • 
Ut. Cardiutn {Protoeardia) bieeetum Forb. 

Trigonoarca galdrina (d’Orb.) « • 

Tr. ,, abrupta (Forb.> • • 

PardUdodon [iinaerodon\ japeticum 
(Forb.). 

Pleria (Jddeagrina) nitida (Forb.) • 

Olycimeris [Axined] subaurieulatus 
(Forb.). 

Yoldiaetriatula^Foih.) . 

Ut. Ni. Lucinafallax Forb. • 

Cardium (Acanthocardium) cf. pulla 
turn Stol. 

Tapes (leanotia) elicita Stol. . 
Tdlindpondicherriensis Forb. 

(Afcopagia)forbesiana Kofism 
Tr. Solen (Pharella) ddicatulus Stol. 

„ ,, obscurus (Forb.) 

Tr. „ (Siliqm) limalus Btoh . 
Hippagus esmilianus Stol. 

Cyprina [Arctica\ eriataia Stol. 

Tr. Panope V'Panopcsd*^] orientalis Forb 
Pholadomya luc&ma Stol. 

,, eonnecians Forb. 

Oeromya suhsinuata (Forb.) . 
Thracia [CartmyaJipertusa (Stol.) 

Tr. Cuspidaria mutua (Stol.) 

Tr. Oorbulaparsura ^tol. • 


* 

* 


Wiloken'fi genus ^^Norden • 
Kj6ldid\ 


Found in the Upper Senonian 
of Vanoouver and in the 
Upper Cretaceous of Portu¬ 
guese F. Africa. 


Found in the Upper Cretaceous 
of Portuguese E. Africa; 
cf. P. caudata Roem., from 
the European Senonian. 


Found in the Senonian of W 
Africa. 


of. s^rUUidoides Forb. 
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Faliiifa* 

Foiaih. ffut 

beda. 

Lamellibranohiata—ooneUf. 

Area (Seapharea) eldlandi Forb. « * 

Ar. Ni. NueulainiafiaiiaFothu • . * 

At. Trigmia orientaliaFoth* • • * 

Ni. Cyprinufia ehaaa (d^Oth.) • • 

Thetironia iqnMlia Stol. • • * 

AiuUina[CereofnyalareuataFoth, • * 

Tr. Poromya lata Forh, • • • * 

Clavagellaaemiavkata Foih, . . * 

Seaphopoda— 

DenUdium (Antalia) areoiteum Forb. * 

Tr. „ „ eraaaulutn Stol. . * 

(Fuatiaria) parvulum ^to{, * 

Gaatropoda— 

CinvUia {Eriptyeha) larvata Stol. . 
Bingieulalabioi8a(FoTh.) • . * 

Aetcaon cwreulio (Foth.) ... * 

Ac^ina eotumnofis Stol. . . * 

Tr. Byllina eretacea {(di'Oxh.) . • * 

Tr. „ alHrnaita (d’Orb.) • • * 

Ddphinula ('t) rotdloidea (Foxh,) » * 

Ut. Tr. iSfoLirielLi (Forb.) • 

Teinoatoma cretaceum (d*Orb.) « * 

Trochua areotenaia Foth. • • * 

. AHralium {Uvanilla) rajah (Forb.) . * 

Ut.Tr. Phaaiandlaincefia Voxh. * 

NaHta (Otoatoma or Deamieria) divaricata Orb. 
Helewn ecrrugatum (Forb.) * 

Ar. Aemaea[2recf«fa]eleoato(Forb.) * 

iMna^Ua pagoda {J^oxh.) ... * 

Ar. Eaiinut anUfua Forb. . • . * 

Ar* Vermetua{VermieaduayangtiHiFof^^ * 


Trigano- 

are Samarka. 

hada* 


Stoloaka'a '^AaarmUearda 
(Ecapharea) dellandi**. 


Caats onlj. 

Found in the Upper Companian 
of Pondoland. 


e 


e 


* Stolicaka’a **Auapira pagoda 
Forb.” 
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F099il8. 

Valuda- 

yur 

beda. 

Trifjono- 

area 

beda. 

Bemarha. 

Gastropoda — e<mid* 




TurntdlawarthiKoB%m. 

* 


Related to T, ventrieoaa Forb. 
and very similar to T. 
qttadricineta Qoldf. front 
the German Senonian. 

9 , {Torcula) pondieheriensis 

Forb. 




„ (Zaria) vtniricosa Forb. . 




Ut. Tr. „ „ hfemtiana d’orb. . 


* 


Ctriihium arcottnse Sto]. 

• 



,, haramrenae Kosem. 


41 


Tr. „ (lExelisaa) acatarddeum 

Forb. 

* 

* 

- 

Trich^tropia sp. 


* 


Tr. Pollia pondicherrienais (Forb,) , 

♦ 



u fluctuoaa (Forb.) 


* 


Mitrtola citharina (Forb.) 

• 



Hindaiaeximia^id, 

m 



VolutQcorhiamuricnta (Foxh*) . 

* 

* 


Athleta (Volutocorhia) radtila (Forb.) 

Tr. „ purpuriformia (Forb.) . 

* 

♦ 

* 

The earliest known 
corbia. 

Ficulopaia pondicherrienaia (Forb.) . 

* 



Melo pynformia (Forb.) 

? 

* 


Tr. Ooaavta indica 8toI. 

* 

* 


Ar. Ancilla[Dipaaccua]vetmta {Forb.) . 

* 



Tranaovala globulina (Stol.) . 


* 


Tr. Protocypraca kayei (Forb.) 


* 


Tr. Eocyproea newboldi (Forh,) 


4i 


„ cfunliffoi (Forb.) 


« 


Tr. Cdlyptraphorua pdlliat^ta Eotb, 

• 

* 


Tr. ApofrhaiaatefunJera{Eovh.) . 




Tr. PtugneUna uncatna (Forh.) 

• 

* 


Crustacea— 




Neooareima sp. . . . 





* See L.B. Cox. Pal. Ind. New Ser., Vol. XV, Mem. viii, 108 (1930). 
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Foaaila. 



Valuda* 

yur 

beda. 

Trigo7^o^ 

area 

beda. 

Pisces— 

Otodua sp. • 

• 

• 

• 

* 

Fossil wood • 

• 

e 

• 

« 


In ad^tion to the above, the following taken from Stoliczka’s lists with 
modifications have been found in the Aiiyalur stage of the Trichinopoly and 
Vriddhachalam tracts: 


lidlia 8p», 
Lagena sp^ 
Vermes^ 


Serpula cordialis Schloth 
Antlioz 


(A European form, 
Saxony). 


CaryophylUa areotensis Stoh 
Echinoidea— 


very common in the Upper Plaener of 


Hemiaster tuberosus StoL, 

„ indicus Stol,, 

„ crigtatua Stol., 

EpiaHer nobilis StoL, 

OardiaHer crientalia StoL, 

Catopygua aulcateUua StoL, 

Eotriopyguaap,, 

Ctuaiaulua Mhaminaua StoL, 

,, craaaua Stol., 

Eehinobriaaua{Nueleolitea)pvUatua (Stol.), 

Echinoconua plticentula Stol., 

„ cf. conieua Breyn • (a well known Eurc^ean Senonian form), 

Soledypua sp., 

Sdlenia areotenaia Stol., 

Micropedina aphaeroidea StoL, 

Diadm/a {Paeudodiademd) aubangnUdum Stol., 

Oidaria aeeptrifera Mant. (widespread in the Senonian of Europe), 

Orthopaia aimtUa Stol. 

Ophiuroidea— 

Ophiurcd^) cunliffei Eorb., (at Vriddhachalam and perhaps also in the Valudayurs of 

Pondicherry). 

drinoidea-— 

Marat^iUa milleri Mant. (Found! n the Senonian of Europe), 

Maratipitea of. amaiua Miller (found in the Chalk of Europe), 

Peniacrinua sp. 

Bxyozoa— 

OdUpora prona Stol. {Odlepora Mtwbraniporm^ Saehara, Bifluatra and other forms art 
regarded by some as synonymous with the genus OnyehoceUa)* 
„ jpwM^teidatoStoL, 

„ lyistpiensStoL, 

„ (Cetteporona f) sp. 

^ From Oomarapalliam come sereral forms not found elsehwere, and a few which are re 
ore redfrom th^ Niniyur bed# y these have all been included in the list whi oh follows: 
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Biyozoft*— 

Jfemftfanfpara aurieukUa Stol., 

Ewhara o|}(a6t2t«Stol., 
f> porigera Stoh, 

Bifiustta eingulata Stol.» 

Sseharifora artiva 8toh^ 

M ominosa Stol., 

DtHopofa obUcta Stol., 

SsehoHneUa diaeora Stol., 

LunuUUea annulata Stol., 

Cdlaritit (Salieamaria) lauta Stol., 

PlanicaUaria oeulata d* Orb. (found in the Senonian of France), 

Truneatula sp., 

Idmoneasp., 

„ (Oriaina) Bp., 

Ceriopora diapar Stol., 
ffeUropora tamvlica Stol., 

„ {Zonopora) indica S tol., 

Proboaetna radioUtorum d’Orb. (found in the Turonian of Europe), 

„ angustata d'Orh. (found in the Cretaceous (TCenomania), 

EfUalophcra lineala Beiss. (found in the Senonian of France), 

„ pavimentaki Stol., 

Brachiopoda— 

Crtmia ignabergenaia Retr.. (Found in the Senonian and Banian of Europe), 

Rhyruihanella ariyalurenaia {^^arrialoorenaia*') Stol., 

„ cranifera Stol., 

„ nutana Stol. 

Terabraiula {Raetiihyria) aubdepreaaa Stol., 

Tr. „ (Oibbithyria) avbrotundata Sow., rar. aubundate. Stol. (Species found in 
Turonian and Senonian of Europe), 

,, {Gihbiihyria) grandia Sahni, 

,, biplicata Sow., Tar. karapavdienaia Stol., 

„ of. carter* Davd. {forwlh typica found in the Turonian and Senonian of Europe) 

JT^n^ena granulifera Stol., 

,, aaperulina Sto!., 

Lamellibranohiata— 

Ctaaiooehaena aapergilloidea (Forb.), 

Carbula exulana Stol., 

Poromya gkhuloaa Forb. (rare; allied to the Maestrichtian P, papyracea of Europe), 
Tagelua eUbertinua (d’Orb.) (recorded in the Upper Cretaceous of Portuguese E. Africa), 
TtUina scitvlina Stol., 

9 , (TiUimidea) primula Stol., 

„ (Angnlua) undata Stol., 

„ (Linaaria) aeulptilia Stol., 

Meretriz (Cytherta) gamdana (Stol.), 

„ „ craaaula (StoM, 

„ (QaVUata) aeulpturata^tol. (*^€yiherta^% 

„ „ minuM Stol, (“ „ ”), 

Xn „ „ vograna Stol (“ „ ”), 

Tr. „ (Oaryaaia) tehigenaia Stol (*^ „ ”), 

Tr. Oyprimeria anahga (Torh^l 
Aatatie (Eripkyh) diveraa Stol., 

Tr, „ „ lentieularia (Qoldf.)i^ (foundin the Senonian of Pondolandand Zolulaiid)^ 


10. A. Matley. Rae. LXI, MO (1928). 
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XamellibranehiatA—eoiUiI. 

'Tr. FeYMfMorMadfrHnMrfaStol., 

Uafcittcfii (Trad^yeardiwn) esculans Stol., 

„ (Protoeardia) deiieaiulum Sto]., 

Oaprotina of* eenomanenais (d’Orb.) (speoios found in the Oretaoeoua of Frnnoe), 

JtadioMes mntabilis (Stol.) (according to DouvilM, this mdistid is a Bournonia or BiraHolites' 
of the Bcumoni group.^) 

MviUtta exigwt Stol., 

£iie»fia unda/aStol., 

Tr. •• (Jfyrtea) orcoiino Stol., 

„ „ denfipera Stol., 

OroMOidlUea {GroMaUUia) maerodanta (Sow.). (Found in the Clardita beaumontibeds of 
Sind and in the Upper Cretaceous of Europe), 

Tr. Trigania aeaira Lam (found in the Upper Cretaceous of Europe), 

„ tndtcaStol., 

„ minuta Stol.,* 

„ orenifera Stol., 

Tr. „ semievUa Forb.*, 

YMia obtuaata Stol., 

„ scaphuloides Stol., 

Nticuln tamnlien Stol.', 

„ eroa^ictda Stol., 

Ol^itneris (Axinea) aubplanatvs (Stol.), 

,, „ levieulua (Stol.), 

„ „ aUiuaculua (Stol.), 

Trigonoarca brahminica (Forb.) (closely allied to T, matheroniana d*0rb.), 

Area (Scapharca) ponticeriana d’Orb., 

Lithoaomus tumidula Stol., 

ModioUt nitena (Forb.), 

Tr. „ typica (Forb,),» 

Mytilua ariyalurenaia rarrialoorenaia'*) Stol., 

Pteria {Oxytoma) aemiglobosa (Stol.), 

Septifer radiatulua (Stol.)» 

„ annectana (Stol.), 

Inoceramua balticna Bohm. (Found in the Senonian of Europe ; originally identified 
erroneously as i. cripai or /. cripaiamia Mant.*), 

„ amplex Stol., 

Pedalionvalidum (Stol.) Stoliczka*8(^'ilf6Zf7»a vaUda'*), 

Bima IPlagioatoma) nudata (Stol.), (Stoliozka*s '^Madula Plagioatoma) nudata** 

„ „ acabricida (Stol.) (Stoliozka*8 "*Badula (JP, ) acabricvla**), 

„ {Otmoidea) tecta Goldf. (found in theUpper Cretaceous of Europe), 

,, „ acaberrima (StoL) (Stoliezka’s ^*Badula (C.), acaherrima'*), 

„ (Aeeata) obliquiairiata Forb. (found in the upper Campanian of Pondoland), 

PecUn raduloidea Stol., 

„ {Ohlamys)a8perulinua^to\„ ' 

„ {Vola ; Janiqra)ainquecoaMua^ow,, 

Tr. Pacten {Oomptonectea) curvatua Gein» (Foundin the Cenomanian, Turonian andSenonian of 

Europe, but confounded in some oases with P. mrgaa 
tua Nilss.), 

Amuaiam illuatre Stol., 

„ aulMtdlum Stol*, 

„ (?) membranaoeum (Nilss.) (Found in the Turonian of Europe), 


I ifem. Soc. Qedl. France, Pal XVIII, Faso. J (1910). 
« Bee. LXl, 840 (1928). 

• Fee. LXI. 840 (1928), 

^JBec.LVI,2d5(l924)* 
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PitcaMi airiaUKosMa Stohf 
Spandylua auleaieUua Stol., 

Oilraaa orienitdia JDouv. (Stoliozk*’a (teiUiroatria Nilat/’)^ 

M oeuHroaHa NUm*, 

,, zitkliana Stok, 

Aketryonw cupatkAdeahUA.^ 

„ pectinata (Lam.) (widespread and oharacteristio in the middle Senonian-Santo- 
nian of Europe, and found in K. Africa, America and else* 
where), 

,, areo^enataStol., 

Qrypkaaa ariyalutenaia {'*arrUUoorenaia'^) Stol., (closely resembles to the European O 9 
^ acanienaia 

Oryphaea arinna Stol., 

,, veaieularia (Lam.) (a widespread form very characteristic of the Upper Senonm 
and Campanian of Europe ; found also in Asiatic Russia 
8yria, N. Africa, Portuguese E. Africa, N. America, etc.), * 

Exogyra tamulica Stol., 

Anomia variata Stol. 

<rastropoda— 

Angyatoma crtimtum Stol., 

Macfocydia carmUica Stol., 

Tr. Pti^ndluagranuliJerua^icA^y 

Aporrhubia ariyaiurenais {**arri<iloorenaia**) Stol.? 

Tr. tegvlata Stol., 

Tr. Alaria papilimacea Golid., 

„ acicularia Stol,, 

Palliatus Stol,, 

OyproBOuala curmtica (Stol.), (Stoliczka's **Oypraea (Luponia) earnatiea'*), 

Puatularia anomala (Stol.), (Stoliczka's ^"Cypraea (Epona) anojnala **), 

Erato mragurcnsis (^^veraghoore'nais^^) Stol,, 

Oniacia (Morutn) costdlata Stol., 

Cylhara eret^ea Stol., 

Tr. Scaphella (Fulguraria) eloTigata (d’Orb.) (perhaps a Volutoderma ; Scaphelki dongata found 

in the Cenomanian and Turoniaii of Europe), 

Volutilithea septemcosiata (Fojrb.), 

Lyria craasicoatata Stol. (a variety of this species is found in the Maestrichtian of Omah), ^ 
Lyria granulosa Stol. (provenance uncertain), 

Turricula ariyalurenaia {^^iarrialoorensia'^) Stol., 

Faaciolariacamatica Stol,, 

,f asaimilia Stol,, 

Bemifuaua acuticostatua Stol., 

Cryaodofnua {Neptunea) rhomhoidaiia (Zek.) (a Gosau species), 

Tritonium ( Nyctilorhua) grauidum Stol., 

Tr. Bemifuaua (Mayaria)noduloaaStol,, 

. „ Aecan^Stol., 

Naaaa vylapaudenaiaStol,, 

„ a/riyalurenaia (^^arriahorenaW^) Stol., 

Cancellaria annuhUa Stol., 

,, (Eudia) brevipUeata{EoTh,), 

„ ,, intercedens Stol,, 

„ „ eamdeo (Forb.), 

^ Pal /wd. NewSer. Vol. X Mem. 3 p. 68(1929). 
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OftitropodA— 0 onfci. 

ItmviaffkMdea Stoh^ . 

0€Hihivm{fFiMi)d€UelumSioL (rmK 
Tr* tt {C€mpaniU)inwguraium8tol.^ 

„ limbatumSioL, 

,, eamaUcumStoLp 
Tr. „ voffonaStol., 

„ spkcBatiffrum Torh., > 

„ iMuiumStoL, 

„ lnnioiit7e]Cioh.(oomnionmth6 AlbUnofFrA&oe)» 

FoUmidM {Simdbefpia) triehinopolitense {Voth.) 1 
„ „ erispicana (StoL), 

TurriUtta (“Torcida”) geminuBtol, 

' „ ( „ jdwikiwaStol., 

Tr. >, CZaria") mutliatriaia Beuss (found in the Turonian of Eiirope)^ 

,, ctmhimeacins Stol.» 

„ (“Nono”) iritiraooat., 

Scalaria (Seata) aMurhinatd d’Orb. (found in the Senonian of ICaestricht), 

„ Hriaioeoatata Mdll. (found in the Senonian of France;, 

BwHndla eoncava Sow. (found in the Engliih CShalk), 

Thplacodea UunMoaa Stol. (identified in the ICaestriohtian of Oinan)i 
Xenophom earwUiea S tol., 

SoUarium humhieuweStoL, 

,, karapdudUnae Stohf 

Ut. „ irjfIc^i«KeweStol., 

LiUorina uncwtoStol., 

„ cfMrt^teStol., 

Fircotna octfmtnala Mflll. (found in the Senonian of France), 

Keihalma Stol., 

Tr. ? Euchryaalia gigantea Stol., (see remarks), 

Tploatama MimMaa Stol., 

Tr. Amaufopsis ponnucea Stol., 

„ afipolureastsSpengl., . 

Ewtpira rotwndata (Sow.) (found in the Cenomanian of England), 

TJt., Tr. Qyrttiea patiaaua Stol., 

Tr. », tmellua Stol,, 

^ ManiiUa eamoHca Stol., 

^o^tctna omoto Stol., 

Vdutina afianMia Stol., 

AmpioseoMo awriforme Stol., 

Aemaaa (Tactura) JwOaana (Stol.), 

Bakian earwUieum Stol., 

Tr. NariialNariiina) compada Forb., 

„ cofoitnaStoL, 

„ rugaaiaaiMa (Vorh,), 

VahieadecipienaStoL, . 

rUrineOa arbieulaia Stol., (in the Vrid<Uiaohalam area only), 

Tr. PhauiaiiUUa globoideaStol.^ 

„ comikiStol., 

Aalraliwn (LithopanM) inUraadum Stol., 

M&noddUaiC^Uh) ndaMia Stol., 

OibhukjtfraonifiM Stol., 

„ gfUfllllOMlStoL, s 

guekdwomaUiaa8ioh, 
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Gastropoda — eontd, 

Troeius (Tectw) tamulicua Stol., (identified in the Maestrichtian of *Oman), 

M f« jimeetM Stol., 

Tr. CalUoaUma (Efstphtnus) geinUzUmum (Beuss). 

Oaniharidua ztridlatua StoL, 

Tr. Pkurctomaria {Leptromaiia) indiea Forb., 

Aciaeonina obeza StoL, 

Solidula pugilis Stol., 

AetaeoneUa truncata (Stol.), 

Troohutetaeon minutua (Stol.), 

Bullinula obtusiuacula Stol., 

Cinulia (Avellam) acrobieulata Stol., ' , 

„ „ sculptilis Stol., 

„ (Binginella) acuminata Stol., 

Cylichna incrmia Stol., 


Pisces— 

Plychodua latiaaimua Ag. (found in the Upper Greensand and Chalk of Europe), 
Otodua of. aemiplicatua Miinst. (species found in the Plaener of Germany), 
Lamna {Oxyrhina : Meriatodon) sp., 

Enchodua aerratua Eg. 


The following is a list of the cephalopoda, not only from the Trichinopoly district but 
also from Pondicherry, the ammoiioids revised by Kossmat and the nautiloids by 
Spongier: 


Triohi- Pondi- 

nopoly, cherry, Bemarks. 


Nautiloidea— 

Nautilua of. haluchiatanenaia Spengl. ♦ 


9f 

paeuddbouchardi Spengl. 


ut. 

sphaericua Forb. . 


Ut. Tr. „ 

huxleyanua Blanf. . 

* 

Ut. 

of. ciemeniinua d’Orb. . 

« 

Tr. 

lentiformia Stol. , 


Ut. 

t> 

anguahta Blanf. 
pondieherrienaia Blanf. . 

* 


compbelli Meek 

* 


Euirtpkoceraa aublaevigatum (d’Qrb.), 
var. ifidica Spengl. 

Cymatoceraa valudayurenae (Blanf.) . 

„ formoaum (Blanf.) 
Herogloaaa triehimpolitenaia (Blanf.) 
„ rota (Blanf.) 

„ aerpentina (Blanf.) 

OofinomuHlua ariyalurenaia l|peDgl. 


? N. bouchardiantta d*Orb. pars,^and 
chmentinva d’Orb. para of 
Blanford. 

? Allied to N, bouchardiantta d*Orb. of 
the European Gault. 


probably a Cymatoceraa^ 


? (omitted by Kossmat), 

Val. Lower Ariyalur; found also in 
Vancouver. 

? 

Trig. 

Val. 

Found also in Borneo. 


Lower Ariyalur. 


»L. F. Spath. Ann. S. Afr. Mua,, XII, 295 (1918). 
9 OST/64 
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Trichi- Pond!- 

nopoly, oheriy. J^nuurkt. 

AmnionokUo.— 


PhgUoexras nera (Forb.) • 

0 

Val. 

Found in Antarotioa, 8. Patagonia 
and Nbur Zealand;^ perhaps equi¬ 
valent to P. ramosum Heek from 
the Senonian of Vancouver. 

„ deeipiens Kossm* 


Val. 


„ surpa (Forb.) . 


Val. 

Found in the Senonian of Chile. 

f, forbesianum (Forb.) 

• 

Val. 

Found in the Senonian of Vancouve. 

Gaudryceras subtilUinsatum Kossm. 

• 

a 


,, bayei (Forb.) 

a 

Val. 

Found in Baluchistan, Antarctica, 
Chile, California, Vancouver, etc. 

„ valudayurense Kossm. 


Val. 

„ varuna (Forb.) 


Val. 

Found in the Senonian of Chile. 

TetragonUes eala (Forb.) 


Val. 


Pssudophffilites indra (Forb.) 

a 

Val. 

Trig. 

Found in California, Vancouver. 
Antarctica, Madagascar, and in 
the Upper Senonian of Natal; 
cf. P. eolloti Gross, of Europe. 

HamUes indicus Forb. • 

• 

Val. 

? Diplomoceras; found in the Seno¬ 
nian of Natal, Pondoland and 
Zululand. 

„ suheompressus Forb. 

• 

Val. 

Found in the Upper Senonian of 




Pondoland. 

,1 rupo^ttsForb. 

• 

Val. 

Belated to JB. cylindrasaus Dep. 
from the Upper Senonian of 
Europe. “ 

„ largesulealus Forb. 

• 

Val. 

„ teauisukatus Forb. 

• 

Val. 


„ undulaius Forb. . 

a 

Val. 


„ nereis Forb. 

0 

Val. 


Plyehoeeras sipho Forb. 

a 

Val. 


Baouliles teres Forb. . 

a 

Val. 


„ vagina Forb. « 

a 

Val. 

Trig. Beoognised in the Upper Senonian 
of Chile; related to the European 
B. anceps Lam. and B. ocddiiaialis 
Meek from Vancouver; a com- 


parable form occurs in the 6eno. 
nian of Portuguese X. Africa. 

Baerlius vagina rar. simplex 

Kossm. • * Val. 

M ft yar olaeodensis 

Stol. . . ♦ Val. 

(Forb.) • . Va].> Belated to S» ubaghsi Gross, from 

the Upper Senonian of Europe, 
and to S. lenticularis Mort. from 
Texas. 

PlaeenlieerastamtUicum Kossm. • * From Sillakkudi (8hillsgoody).* 

Muniericeras^hlan/ordianum Stol, * Beoognised in the Senonian of 

Syria. 

Seaphiles cunliffei Forb. • • Val. Belated to S. aptisgranensia Schlfit. 

and S. constricitis Bow., from the 
Senonian of Europe. 

„ pavana Forb. • • Val. 

»P. MarrtialL Tfofw. N. X. /nsf, Vol. LVI., 961 (1926). ~ 

^as Gupta. Proe, Indi., Ass. OuU, Sci., p. 3,1916. 
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Xriohi- Pondi- 
nopoly. oheny. 


Remarki, 


Ammoitdidea—€on^. 

Soleoductui pacificuB (Stol.) » 

„ indicuB (Eovh.) 

Tr. „ theoibaldianuB (Stol.) . 

„ pondkherrianuB Koism. 

„ aemilianuB (Stol.) 


bandi (Stol.) • 

(Stol.) . 

madrftBinuB (Stol.) . 
karapadetiBiB Kofism. 
{JdadraBiteB) bha- 


KoBBfnaticeraB 


Val. 

Val. 


Belated to U, gemmaiuB Hap. from 
the Seiioiiian of Chile. 


Brahmaitea brahrm (Forb.) , . 

• 

Val. 

„ viahnu (Forb.) . 

Packydiacua egertoniamta (Forb.) , 

* 

Val. 

Val. 

' 19 ! ganeaa (Forb.) . 


Val. 

t9 goUevilUnaia (d’Qrb.) 


Trig. 

,, kriahm 


Val. 


Trig. Related to B, haugi Seun. from 
the Upper Senonian of France. 

CloHcly related to the European 
P. neif&erptci/e Hauer. 

Belated to P. neubergieva Hauer 
and to the Upper Senonian P. 
jaquoli Seun. 

Found in tho Upper Senonian of 
Franco and Ireland. 

Found in the Upper Senonian of 
France and Ireland. 

Found in the Upper Senonian * of 
Vancouver; cf. the European P^ 
colligatua Binkh. 

Belated to P. levyi Orosa. from the 
Upper Senonian of France. 

Found in Madagascar; related forms 
in Vancouver, Chile and Jaj>an. 


$t otaeodenaia (Stol.) , 

Pa4ihydiacua groaaouveri Kossm. . • 

t, tweenianua (Stol.) • 

deccanenaia (Stol.) • 

■ „ menu (PorU) . , Val. 

Parapachydiacua ariyalurenaia (Stol.) . 

Deamoceraa diphylloiiea (Forb.) • * Val, 

» phyllUmrphum Kossm. 

Pazoaia augala (Forb.) . . 

Hauericeraa retnbda (Forb.) . Val. 

' gardeni Baily , , ♦ 

Belemnoidea.— 

Belemnites sp. 

The moat numerous and best preserved fossils come from the Valudayurs, 
specially from the characteristic concretionary masses of hard, bluish or brownish 

49a. 


Found in Japan; cf. the !?ululand 
form P. aff. colligatua Binkh. 

Related to D. aclwynranum Whit, 
from the Cenomanian of Van 
couver. 

Belated to 2>. larlHi Seun. from the 
Upper Senonian of France, 

Recognised in the Senonian of Zulu* 
land; cf. D, dameai Jimbo from 
Japan. 

Found in the Upper Senonian of 
Xatal; cf. P. faycli Gross, from 
Europe. 

Found in the Upper Senonian of 
Natal, Japan and Vancouver and 
in Madagascar, New Zealand and 
Antarctica. 
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fine-grained, calcareous shell-sandstofie which is not unlike the ‘*Trichinopol]|r 
maTble” of the Middle stage. From a single hand specimen of this rock it is often, 
possible to extract more than a dozen d^erent species. The state of preserva¬ 
tion is as a rule remarkable; not only has the shell substance survived in nearljr 
all the fossils, but the ammonites show the pearly layer and iti the other molluscant 
diells the original colour often remains.^ Exposures of these beds are so limited, 
that the supply of fossils some time ago became practically exhausted. The 
richest fossil horizon is the Pondicherry Horizon C. From the Pondicherry neigh¬ 
bourhood, and probably from the Valudayur rocks, comes the pentalocular fruit 
Pondicherria ebemkoidea Sahni, with its single seed in each loculus; this fruit: 
almost certainly belongs to a dicotyledonous plant, which might well be one of the 
Ebenaoeae or Sapotaceae, allied to the genus Dioapyros (Ebenaceae) or to- 
Achraaa* (Sapotaceae). 

In the Trigonoarca beds the ammonites of the Yaludayurs have become rare,, 
the most abundant fossils in addition to Trigonoarca galdrina being TurrUella- 
breantianay Nerita divaricata, several of the Cypraeidae, Rostellaria palliata^ 
Parallelodon japeticum, Exogyra ostracina, Al-ectryoma ungulata^ and occasional 
sharks’ teeth (Otodua sp.). 

Taking the Ariyalur faunaas a whole, its most prominent features are tho 
upper Senonian species of Pachydiscua and Baculitea ; Baculitea vagina is especially 
characteristic. 


NERINEA AND NINIYUR STAGE. 

The Nerinea Beds of Pondicherry, Warth’s highest horizon, ‘‘F”, consist of 
a yellow, crystalline, somewhat sandy limestone overlain by fossiliferous sands-- 
and clays, and are characterised by cylindrical so-called “fucoid” casts which 
sometimes bifurcate; these casts and the foraminiferal calcareous nodules found in 
the same bed are much used for lime-burning. The limestone, the only continuous- 
bed of hard rock in the Pondicherry Cretaceous is from two to five feet thick and. 
dips generally towards the southeast, the dip-slope coinciding more or less with the 
ground surface. It has been traced from a point on the Usteri canal, one mile 
S.S.E. of yaluda 3 rur eastwards and northwards, through Eadapperikuppam,. 
Sedarappattu (Saidarampet), the vicinity of Akasampattu, a little to the south of 
Wattampalliam, to the bed of a large pool near Bayapuduppakkam (Boyapoo- 
thoopakbim). The overlying sands and clays aie nodulifeorus and one of tlie 
clay bands has yielded some shells with light-coloured phosphatic cores; among,, 
these are some very characteristic corals {Caryqphyllia arcotenaia and Cyclo^ 
lUea conoidea), Teredo tubes in abundance, some very large gastropods a foot or 
so in length, Hercoghaaa aerpentina, and remains of a turtle. The concretions- 
in some of the higher beds are sometimes two feet in diameter. The uppermost 
of the Pondicherry Cretaceous beds are yellow clays with minute bivalves and are* 
seen near Tirusitambalam and along the Hank of the Red Hills. 

The principal features of the Nerinea fauna are large specimens of Nerinea 
and nautiloids—including the European Uercoghaaa danica —and vast numbers of 
^raminifera, especially of Orbitoidea, ^ling the hard matrix of the bigger fossils p 

»F. Koasmal. JBw. XXX, 54 <lS97i. 

LXVI, 436 (1932). 
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^ammonites are wanting. The following fossils have been obtained fro® 
Pondicherry area: 


Foraminifora— 

(?) isp., 

Ofhitoidea sp. 


Anthozoa— 

Ar. Oyclolitea filamtntosa (Forb.) (provenance uncertain), 

Ar. CyclolitM comidea StoL, 

Ar. Caryo^yUia arcoten$U Stol. (including Forbes* **Turhinoli areotentis,'*), 
Lamcllibranchiata— 


Oatraea sp., 

Teredo glomerana Stol. 

Gastropoda— 

Cerithium haraaurenae Kossm., 

Nerinea sp. 

Cephalopoda— 

Ar. Nautilus aphaericua VoTh.f 

Aturia delphim (Forb.) (Provenance uncertain), 

Hercogloaaa tamulica Kossm., 

„ danica, Schloth, var. indica Spengl. {forma typica found in Europe, 
Portuguese E. Africa, etc.), 

„ serpentina (Blanf.). 

In the Trichinopoly area the corresponding beds, known as the Niniyur stage, 
lave been traced from Authicoodicaud, a village ten miles northeast of Ariyalur, 
•extending northwards and eastwards as a narrow belt, two miles or less wide, up 
to the Vellar river and beyond, lying on the east side of Nanniyur (Niniyur) and 
Sendurai (Sainthoray), two localities which have furnished most of the fossils 
belonging to this stage. The best exposures of this stage are not those of Nanniyur 
itself but are to be seen northeast, east and southeast of the village of Sendurai; 
elsewhere in the Trichinopoly area it crops out at Tellakudumbur (Ellaikkadam- 
bur), Nattakuli (Nattagooly) and Adanakkurichchi (Authencoorchy)^. As 
remnants of an originally much more extensive deposit, the Nini 3 rur sediments 
bear evidence of having been laid down in shallow water. They overline the 
nnfossiliferous greenish yellow sands and clays of the higher Ariyalur sub-stage 
and indicate a slight post-Senonian repetition of the marine transgression which 
had been interrupted towards the close of the epoch represented by this sub-stage 
—the equivalent of the Trigonoarca beds of Pondicherry. 

The lowest rock of the Niniyur stage is a gritty argillaceous limestone crowded 
with fossils and in places so full of corals as to merit the term, coral limestone ; 
the commonest fossils are species of Oryphaea and Cardita, the latter including 
.a form comparable to Card%ta {Venericardia) beaumonti. Under the microscope, 
the angularity of the quartz grains is well seen. The rock often includes small, 
white, irregular earthy patches of kaolin-like material, and associated with it are 
Abundant calcareous nodules. 


Towards the upper part of this basal zone, a few thin bands of nodular, crys¬ 
talline, almost unfossiliferous limestone make their appearance, after which the 
gritty argillaceous rock gives place to a highly fossiliferous, white, compact, cry- 
‘Stallme limestone characterised in its lower portions by pebbles of calcareous 
tnaterial. By far the most abundant and typical fossil in this limestone is a large 


^L. Bama Rao. Pal Ind., New Ser., Yol. XXI, Mem. 4, p. 2 (1986). 
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Ludna (Blanford’s "^CrassaUUa'')^ probably^ L. percrassa; in addition are the largo 
and important nautiloid, Hercoglossa danica, compound corals, bryozoa, lame*^ 
llibrancns such as Gryphaea^ Cardita^ Lima and Arca^ and gastrop^s like Nefinea^ 
Omthium, Valuta and Turritdla. In places this limestone, including its contained 
pebbles and fossils, is sQicified to flint. One of the most interesting features of 
the limestone, discovered by Professor L. Rama Rao and Dr. Julius Pia, is the 
occurrence therein of a jarge amount of algal material, especially in the pebbly 
varieties ; this applies to the silicified as well as to the normal type of the rock*. 
The ^'pebbles” are in fact nothing but rounded patches of algae in a matrix of 
calcite.^ The commonest alga is Dissocladelld savitriae Pia showing a marked 
similarity to D. undulata Rain, from the Cenomanian-Turonian of north Africa.. 
In addition Dr. Pia has identified the following ; IndopoUa satyavanti Pia, (a Neo* 
merian dasycladid) Acicularia dyumatsenae Pia, Orioporella malaviae Pia, Palae^ 
achlya sp., Parachaetetes asvapatii Pia, Archaeolithothamnium lugeoni Pfend (found 
in the Eocene of Spain, but not so far in the Palaeocene), A, aff. provinciale Pfend* 
(a species found in the Cenomanian and Senonianuf sotuthern France) and A. cf.. 
lycoperdioides Mich. Associated with the algae are many corals, a few bryozoa 
and several foraminifera, the last chiefly members of the Miliolidae such as Bilo- 
culina^ Triloculina and QuinquelocuUna. At Yellakudumbur more than half the- 
limestone is made up of algal meterial.* 

In spite of the intimate relationship of the Niniyur beds with those of the- 
Ariyalur stage, there is a marked contrast in the faunas of the two formations. 
Unfortunately these faunas have been described as one, and the following list,, 
which is the result of an attempt to disentangle one from the other, based on local* 
ities, is subject to future correction, but the fossils have all been collected from tho 
neighbourhood of Nanniyur and belong presumably to the Niniyur stage: 

IToraminifera— 

Lepidorhitoidea aocialia (Loym.)* 

Anthozoa— 

Stylina parvula Stol., 

Holocoenia indica Stol., 

Aatrocoania pumila Stol., 

Tr. „ decaphylla Mich, (found in the Turonian of Europe) 

Thamnaatraea brevipea Stol. 

Bryozoa— 

Menibranipora pedata Stol. 

Lamellibranchiata— 

Bocellaria sp,, 

Tdlina (Tellindla) arcfdenaia Stol., 

Mereirix (Calliata) lodniaia (Stol.), 

„ „ diaeoidalia (Stol.), 

Oyprimeria abeaa (d’Orb.), 

AakirU (Enphyla) fwheaiam (Stol.), 

Oardium (Otrtutodarma) pilatum Stol., 

^Moat of the rooks of the Trichinopoly. Cretaceous area, eBTOoially the limestones, have; 
since been found to contain abundant algal remains. These are being studied by l^f. Rama 
Rao and his colleagues in the University of Mysore (see 8 eienee'\ VIT, No. 5, Nov., 1988; 

aUK> an account of the flints from this stage by L. R. Rao and C* Prasannakitmar in Pw, Itid 
Acad. Sei„ Vol. I, sect. B. 10*18 (1084). 

*Pdl. Ind., New Ser.^Vol. XXI^ Mam. 4, p.8 (1086). 

^redenburg’s **OrbUoidaa minor Schlumb.”, Stoltozka> **0, fita^ai (Def.)”. Found in the 
Sulalman range, Tibet and the equivalent of ^e Niniyur Stage in l&dagasoar. Bee. XXXyt 
198(1007). Pallnd. New Ser. Vol. V, Jfsm., 8, pp. 38-84 (1916). 
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ut. 


Ar. 


Ar. 


Ar. 


Tr. 


Tr. 


CMm typiea StoL, 
o obUmga StoL, 

Lueina {Oodakia) percragaa 8tol., 

,, fallax JPorh., 

$, (OyeUiB) iaenioUna Stol., (perhapB more oorreotly Sphaeritm UtenMfituw) 
Cai^Ua {Venericardia) jaoquinati d’Orb. (perhaps equivalent to O. (F). heMtmonh 

d’Aroh.), 

CrttMatellites zitUliana (StoL), 

Nucula indejinita Forb., 

Olyeimeria {Axinea’l aUiuaculus (StoL), 

Oueullaea (?) aeqmta Stol., 

Area (Barbatia) decora Stol., 

Lima {PlagioaUma) iiUerplicosa Stol., 

Hemij^icedula (?) detrita Stol., 

Exogyra laciniata Nilss. (found in the Campanian of Europe), 

Qryphaea veatcularia Lam. ^ , 

Oatraea orientalia Douv. (provenance from the Niniyur bods uncertain; Stoliezka s 

O. acutiroatria Nilss.) 

Gastropoda— 

Angyatoma cretaceumBiol.t 

,, ariyalurenae {**arrialoor€nae**) Stol., (said to resemble the recent Helix nth 

girtca), 

Seaphella (Seapha) gravida Stol., 

Lyriaformoaa Stol., 

PaeudoUva auheoataia Stol., 

Rapa eorallina Stol., 

Cancellaria (Narona) eximia Stol., 

Turritella (Torcvla) aaperata Stol., 

„ (Zaria) venlrieoaa Forb. (identification very doubtful; according to Kob8» 

mat it differs greatly from the true T. ventrieoaa). 


„ eliciia Stol., 

Pdamidca (Pyrama) pedroanua (white), var. indica Spengl. (found in the Upper Creta* 

ccous of Brazil). 

Solarium {Climacopoma) arcotenae Stol. (recorded in the Danian of Tunis), 

Keiloatoma aubatriatum Stol., 

Ampullina sortita Stol., 

AmpvlUna aortita Stol., 

Euapira lyrata (Sow), (found in the Turonian and Senonian of Europe, Palestine, etc.), 
Mamilla edura Stol., 

Solidula aemen (Forb.), 

Cephalopoda— 

Hercogloaaa danica Schloth., var. indica Spengl. 


Two of the most abundant fossils of the Niniyur and Nerinea faunas are closely 
allied to the nautiloid, Hercoglossa danica^ and the foraminifer, Orbitoides mtwof, 
both characteristic of the Danian despoists of either Maestricht, Aixs-la-Chapelle 
or the Danish island of Eugen. Hercoglossa danica, a species found not only in 
Jutland and Scania but also in the Paris basin, the south of France, Egypt, Portu¬ 
guese East Africa and elsewhere, is the only cephalopod in the Niniyur beds, though 
three or four other nautiloids accompany it in the Nerinea fauna. The character¬ 
istically Mesozoic genera, Inoceramus, Radiolites, Trigonia, Trigonoarca, and which 
are abundantly represented in the Ariyalur are entirely wanting in the uppermost 
stage of the Coromandel Cretaceous where the only important Mesozoic genus 
in addition to the Hercoglossa is Nerinea, The assignment of this stage to the top 
of the Cretaceous is confirmed by the presence therein of Cardita jacquinoti, which 
is either equivalent or very closely related to C, beaumonti, the index species of tho 
Danian in northwest India and Persia. At the same time, no typically Tertiary 
forms make their appearance except some carnivorous gastropods, and these are 
no more numerous in proportion than they are in the stage below, although some 
additional forms are represented. While, therefore, the ammonite faunas of 
the Ariyalur beds, including the two sub-stages of the Valudayurs and Trigo¬ 
noarca beds, point definitely to an Upper Senonian age ranging upwards probably 
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into the Lower Danian, the Nerinea and Niniynr beds belong to the rest of the 
Danian. 

The absence in the Pondicherry and Yridhachalam areas of any stage old*^ 
than the Ariyalnr is of especial interest in that it demonstrates incontrovertib^y 
the overlap of these beds. Even in the Triohinopoly area the Ariyalnrs overlap 
on to the Utaturs at Olaipaddi (Olapaudy), and for some distance in fact on to 
the crystallines. Such overlap in the Upper Cretaceous is matched not only in 
Assam but in otiier parts of the globe and is of importance in the Pacific region. 

Including the few vertebrata we have a grand total of about 800 species of 
animals from the Cretaceous deposits of southern India. A large number of forms 
are common to two stages, and the following few species are found in the three 
lower: Nautilus huxUyanus, AntpuUim bulbifomis, ^odes pansus, SolaritUa 
radiatula, and the rare Ludna (Myrtea) arcotina ; some of the latter, however, 
are especially characteristic of one horizon, as in the cases of Nautilus huxleyaims 
(Triohinopoly stage and upper part of the Utaturs) and SoUsneUa radiatula 
(Ariyalur). 

Besides the saurian mentioned previously, the Yertebrata are represented 
by 17 species of fishes, but the remains are of the most ficagmentary description, 
consisting in most cases of single teeth, and it is not certain from which group 
some of the specimens were originally derived. The majority of the fishes are 
elasmobranchs, belonging to the genera Corax (iCareharias), Lamm (including 
Oxyrhim), Odontaspis and Otodus, all of them occurring in the Cretaceous of Europe; 
Corax pri^odontus is a species common to the two regions, and the ray, ptychodus 
latissimus, from southern India is a widely distributed form. One fragment has 
been provisionally identified with the European ganoid genus, Pyenmus, while 
another member of the same order is referred to Sphaerodus under the name 
of rugulosus Eg. The only known teleostean fish from the southern Indian 
Cretaceous belongs to the European Cretaceous.genus, Enckodus, and has received 
the name of E. ssrratus Eg. 

As a result of Stoliczka’s fossil determinations, it was concluded that a little 
more than 16 per cent, of the southern Indian Cretaceous invertebrates consist 
of forms known to occur in Cretaceous beds in Europe. This figure may require 
some correction in the light of further investigations, but no revison of the Indian 
faunas can refute the clear relationship between the two regions. With Assam 
the connection is an extremely close one, and it is obvious that the Cretaceous sea 
of the Coromandel coast stretched northeastwards and droosited sediments contain' 
ing numerous identical fossils upon the margin of crystalline gneisses forming what 
is now the Shillong Plateau. There are distinct affinities with the Upper Cre¬ 
taceous faunas of the Pacific Ocean, including those of Borneo, Japan, Queen 
Charlotte Islands, Yancouver, California and Chile; on the other side there is a 
close relationship with Madagascar and Natal. AUtheCretaceousrocksofsouthem 
India appear to have been formed in shallow water, in the nei^bourhood of a coast, 
and tiie relative elevation of the country has undergone but little change since. 
Then, as now, there was higher ground to the west, and the ancient coast-line 
seems to have been approximately parallel to the present, though a little fartW 
to the wert. 

TANJORE. 

On the south side of the Cauvery, some ei^t or nine miles west of Tanjore 
and near the railway line, there orqps out a friable, oohreous, fine-grained 
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Argillaceous sandstonOi representing probably an originally calcareous rock from 
^hich the calcareous matter has been leached. Underlying the Cuddalore sand¬ 
stones of the Yallam ridge, it rests directly upon the schists and gneisses which 
Are seen to crop out at Budalur (Buttalur). The beds have yielded widely scattered 
.•casts of bivalves, and also a rather large free-growing bryozoan belonging to the 
genus Cdiepora. Of the bivalves the only recognisable examples are specimens 
cf Inoceramus belonging to one of the forms with strongly projecting and widelj 
spaced concentric ribs, such as that which was at first assigned to I, cripsianm 
Jliant. but which is probably closer to /. ballicus B5hm. (one of the commonest 
Ariyalur fossils), I, latus Mant., or J. hrongniafti Sow. Although the exposure 
cccurs on the line of strike of the Ariyalur stage of Trichinopoly, and in all pro¬ 
bability belongs thereto, it appears to be of the nature of outlier and not conti¬ 
nuous beneath the Cauvery alluvium with the beds north of the river. Its Ariyalur 
Age is confirmed by the presence of the bryozoan, for bryozoa are amongst the 
commonest and most characteristic fossils of that stage.^ 

ARIYALUR STAGE IN MADRAS. 

Amongst the descriptions by Dr. Stoliczka of the Cretaceous fossils from southern 
India, the following species of lamellibranches are recorded from Sripermatnr 
twenty-five miles W.S.W. of Madras city and already mentioned as the type locality 
for a group of the Upper Qondwana containing marine fossils of Lower Cretaceous 
Age: 

Sphaerida sp*, Pteria {Oxptoma) fallacioaa (Stol)., 

* ffippagus aemilianus Stol., Pseudomanotis inops 

* ? a Stol*. Limnaea oldkamiana StoLp 

*>Trigonoarca goldrina d’Orb., Pecten arcoiensis Stol. 

Assuming the YoWia to be correctly determined, three (asterisked) of the seven 
specifically identified forms are also found in the Ariyalur stage of the Trichinopoly 
district and Pondicherry settlement, Trigonoarca galdrina, as we have seen, being a 
type species and belonging to a characteristic Cretaceous genus. These eight speci¬ 
mens, unfortunately, were collected before the country was systematically exami¬ 
ned, and there is some doubt as to the precise beds from which they were obtained. 
Some were from Sripermatnr itself, others frdm Bajah’s ChouUry, The only 
Uretaceous fossils found by Foote, who mapped the Sripermatnr country later, 
occurred in water-worn blocks of grey or greenish-grey, gritty sandstone, resting 
loosely on the surface of what he described as Jurassic beds” near Sripermaturs* 
—^presumably the Neocomian (Barremain) deposits referred to in a previous 
ohapter. The origin of these boulders was not traced and the fossils have 
aince been mislaid; amongst them were four or five species of ammonities, some 
belemnites, P/et^ro^mam, and others. 

THE ‘‘INFRA-TRAPPEAN’^ BEDS OF DUDKUR, GODAVARI DISTRICT. 

In this chapter may be described some beds with a marine fauna, lying beneath 
the trap near the village of Dudkur (Dudukur), twelve miles west of Bajahmundry 
in the Godavari district. The traps of BajaWundry are remote from other ex¬ 
posures of the Deccan volcanic suite but are associated with sediments carrying 
Aome of the typical fresh-water fossils of the Inter-Trappeans; there is no doubt, 
therefore, as to their age. The leavas are found on both banks of the Godavari 
fiver but, on the right bank, between the basal basalt flows and the underlying 

^ B. Vredenbuig. Bee. XL, 336-339 (1910). 

*lfem.X,61(1873). 
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Tripati sandstpnes which form what have been regarded in the past as the high^ah 
members of the Sllore Upper Qondwana outcrop and contain coniferous wood 
marine lamellibranchs there intervene about 60 feet of white, yeUowish or greenish, 
sandstone, calcareous towards the top, with an upper crust from six inches to two 
feet thick of sandy limestone abounding in marine fossils. For a distance of a little 
under four miles, these beds are exposed along the base of the western half of tho 
Fungadi hill range, in the vicinity of Dudkur.^ The most abundant fossil is a 
Turritella which is said to be identical with or very closely allied to T. dispassa StoU 
of the Ariyalur stage. Accompanying the Turritella are a Nautilus, a Lunulites, the 
chelae of a crab, about fifteen gastropods and eleven lamellibranchs. One species, 
Cardita variabilis HisL, has been recognised as occurring also in a higher-lying 
inter-Trappean bed.^ Anotl^r and much more important identification is that of 
Cardita (Veuericardia) d’Arch, recently made by H. C. Das Gupta 

the synonymy of Cardita beaumonti d*Arch., C. visquesneli d’ Arch. & 
H., 0. obliqua d’Arch., C. subcomplamta d*Arch. & H., 0. su^omplanata NoetU 
and C. jacquinoti Stol.—the last from the Niniyur stage of southern India—ia 
accepted by Das Gupta. Amongst the genera identified are : Postellaria, several 
forms of Muricidae, a Volutilithes close to the Tertiary F. torulosa, Natica, Turri^ 
tella, Dentalium, Meretrix or allied genera (three species), Cardita (four speciea 
claimed), Cofbis (?Lucina), Olycimeris, Cucullaea and Ostraea. The bulk of the 
fossils have not yet been specifically determined but, with the exception of Cardita 
beaumonti and the Turritella, none has so far been recognised as identical with any 
form in either the Cretaceous or Eocene beds of southern India. The facies of 
the fauna as a whole was originally described aaTeritary in spite of a notable, 
absence of characteristic Tertiary genera ; the chief distinction from the Ariyalur 
fauna, according to Mr. W. T. Blanford (who included the Niniyur with the 
Ariyalur), is simply the want of any marked Cretaceous form^ but the balance of 
evidence was thought by this authority to be in favour of referring the beds to 
the Cretaceous rather than to the Tertiary. The Dudkur fauna is described as. 
having no resemblance to that of the Bagh beds of the Narbada valley which, in any 
case, are older. The Dudkur strata are similar in mineral character to the 
Lameta, and the discovery of Cardita beaumonti amongst their fossils places 
them as Danian. 

The prevalent dip is about 10®, in a direction S.. E. or E.S.E. There is said 
to be no sign of alteration by the superincumbent trap, but the variation in thickness 
of the thin limestone cap may be due to slight erosion prior to the lava flow ; there is,, 
in fact, an appearance of slight unconformity where the volca;nic rock rests upon 
the sedimentary, the surface of the latter being somewhat uneven as if denuded 
while the uppermost zone with its fossils is occasionally wanting. On the left bank 
of the Godavari, near Eajahmundry town, the infra-Trappean band has not been 
observed. 

Significantly enough, it is in this area that an estuarine type of Inter-Trapean 
bed is found ; this will be dealt with in chapter XXYII, where also the Lameta 
and other infra-Trappean foimations, some of which may be of Cretaceous age,, 
are more conveniently described. 


1W. King. Mem. XVI, 234-238 (1880). 

» Quart. Journ. Oedt. Min. and Met. ISoe. Ind., Vol. V, 61 (1983). 

» H. B. Medlioott k W. T. Blanford, Mam., Ifit. Edit., Ft. I, p. 316 (1879). 
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ASSAM. 

The Upper Cretaceous rocks of the Khasi Hills in Assam have so many species* 
in common with the Ariyalur stage of the East Coast that the two regions must- 
be regarded as having undoubtedly formed part of the same marine area. Cre¬ 
taceous exposures are not confined to the Khasi Hills but are found as an irregular 
and interrupted fringe along the whole of the southern edge of the Shillong plateau*. 
On the margin of the plateau itself these beds lie nearly horizontal, but over the 
escarpment they are bent down in a steep monoclinal flexure. The marked manner 
in which they thin out to the northward is well illustrated along the section south 
of the hill station of Shillong, where from a thickness of about 1,200 feet at the 
edge of the scrap the beds decrease in a distance of ten miles to about 100 feet.. 
North of the main belt of outcrop are numerous small outliers lying in hollows 
of either the Shillong quartzites or the gneiss and granite, marking the position 
of Senonian or older valleys. In the southwestern part of the Khasi and Jaintia 
Hills, exposed in the Umngi (Mukai river), the base of tde Cretaceous sequence 
is made up of the Sylhet Trap (see p. 1273) on which, over a considerable area 
the marine sediments lie. 

The key to a right comprehension of the Shillong Cretaceous succession lies in a 
true appreciation of the effect of deposition on a shore-line sinking and receding to* 
the north as a result of the encroachment of a southerly sea, which crept north¬ 
ward, laying down a deep but thinning carpet of sediments ranging in age from* 
Upper Senonian interruptedly to Tertiary.^ As remarked by Capital R. W. 
Palmer,* were the Indian Ocean of today to rise to the extent of 5,000-6,000 feet 
and cover the margin of the Shillong plateau with littoral deposits, we should have 
a repetition of what happened during Upper Cretaceous and early Tertiary times. 

The maximum dip in the monocline is about 60® near the eastern end of the 
exposure, but decreases westwards to about 25® at Nalikata where the folding ifiP 
much less abrupt and its strike W. N.W.-E.S.E. instead of W.-E. Apart from the 
contour of the gorges, this change in dip and direction of the monocline is ex¬ 
pressed in the topography, for the land surface is almost invariably a dip slope.. 
In the Garo Hills the monocline becomes an overfold and thrust-fault.* 

As a result of the northward encroachment of the sea the bottom beds of the 
Cretaceous are not continuous throughout in any meridional section, and the 
northern sequence is younger than its apparent equivalent in the south. Within 
the Cretaceous period, furthermore, there was a pause in the submergence of the 
Crystalline land, according to Captain Palmer, and a steep shore-line was cut; thia 
was followed by a later incursion of the sea burying the old line of cliffs. Evidence 
of this line of cliff is found along the parallel 25® 22'N., where the sediments rjr 
series rests upon a much more irregular floor than it does either to the north or 
south ; along this parallel Cretaceous beds may be sought for as often in the 
valleys as on the hill-tops, and show a corresponding marked and sudden increase* 
in thickness. Banked against the old shore-line, they fill the old valleys which cut 
through the hills and, undisturbed and practically horizontal though they are, have 
boundaries which often traverse the contours in a striking manner. Examples of 
such ancient valleys are to be seen ono mile W.S.W. of Rangmaw, one mile north¬ 
west of Phudjaud', and at Nongmawrnairang. Palmer found that, south of thes^ 


» Oon. Rep., Bee, LVni, 39 (1026). 
» Bee. LV. 167 (1923) 
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•old valley deposits, the Cretaceous rocks appear suddenly and thickly devalued 
Along the old shore-line, which can bo traced, running oast and west, south of 
JBangthong and north of Phlangmawphra, and probably continuing westwards 
'through the obscure country of Langrin. On the north side of the old cliff liu® «he 
sedimentary beds occur exclusively on characteristically flat hill-toj^s as scattered 
outliers of deposits the bulk of which has been removed by denudation. South of 
'the same line the Cretaceous silts res on an old sea-bed which is at first compara¬ 
tively flat and undisturbed} further south, however, both the silts and the floor on 
which they repose bend over abruptly in the monocline already mentioned. 

In the plateau area to the north, Medlicott found it possible, in the Cherrapunji 
neighbourhood, to subdivide the beds into four stages, but the uppermost of thwe, 
“the Cherra Sandstone, is now regarded as the basal stage of the Eocene; the other 
three stages are: 

3. Langpar Sandstone ; 

2* Mahadeo Beds; 

1. Bottom Conglomerate. 

In most of the sub-montane southern sections, it has been found possible to 
Tecognise only two subdivisions. The lower of these is^ typically unfossiliferous 
Arenaceous and littoral, comprising fine-grained ferruginous sandstones passing 
•down through coarser thick-bedded varieties and argillaceous, often carbonaceous 
beds, to coarse arkose grits and conglomerates; in the upper of the two groups 
iossils oecur plentifully, argillaceous beds are common, and coal and limestone 
are oecasionaUy developed. The lower portion of the massive sandstone appears 
to represent the Bottom Conglomerate of other sections, the upper portion, which 
is softjOehreous, earthy and highly fossiliferous, corresponding to the Mahadeo 
Btage. The mudstone, calcareous shale and impure earthy limestone of the younger 
group are evidently equvialent to the Langpar band, which is more consistent 
and widespread than the other stages.^ The Mahadeo stage is said to have a very 
limited N.-S. range and to be not everywhere identifiable. 

The so-called Bottom Conglomerate of the plateau, from 20 to 100 feet thicly 
in all probability does not represent a single geological horizon but travwses and 
•coalesces with higher beds in the north. Its coarse and generally subangular 
debris, in the Cherrapunji neighbourhood, is almost entirely derived from the 
Adjacent quartzites of the Shillong series. 

The most general lithological character of the Mahadeo sandstones is the pretence 
therein of glauconite. The beds also contain disseminated carbonate of lime and 
thick beds of earthy matter which exfoliate spheriodally on weathering. The 
Mahadeo beds constitute the most fossiliferous band. 

The characteristic rock of the Langpar stage is a fine, pale sandstone with 
, numerous scattered fragments of plants. With it are intercalated in a very capri- 
oious way discontinuous layers, thick or thin, of calcareous sandstone and every 
degree of sandy limestone ; in the coarser varieties of the former bryozoa are found, 
while in the purer limjsbones weathered sections of 8hell8--mo8tly of small turreted 
gastropods—are common.* At the head of the Nongpriong vallay this band is 
Aome 690 feet thick but northwards it rapidly thins out and apparently disappears 
entirely beyond Lairangao (Laitryngew). 

» A. M. IL Ghosh. Rec. LXXV, Prof. Pap. 4, pp. 3-4 (1340). 

s H. B. Medlioott. ifssi. Vn, 173 (1369). 
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. The most persistent member of the local succession is known as the Ohena 
Sandstone, conformably underlying the Nummulitic limestones. According to 
Dr. Fox, it forms the local base of the Eocene, and is unconformably related to the 
underlying Upper Cretaceous.^ All the peculiar rocks of the southern scarp 
thin out and disappear northwards. 

In the Maobelarkar (Mawbelurkar) coal basin, the basal conglomerate and the* 
Gherra sandstone are in contact, but at the southern scarp of the plateau they are 
mutually separated by the glauconitic Mahadeo beds overlain by the fine sandstones 
of the Langpar stage ; these two intermediate stages, here about 400 feet in thick* 
ness, thin out to the northward against an original limit of deposition. At the 
same time, the matrix of the basal conglomerate, at the different levels, partakes- 
of the nature of the superjacent horizon, and on all sections there is more or less 
a transition by interstratification, between it and the particular bed which happens 
to overlie it. 

In the extreme south the Cretaceous is more shaly, the topmost beds in place 
consisting of a light blue clay at least 100 feet thick. Of the two subdivision 
recognisable here and mentioned above, Bose gives the maximum thickness of 
the lower as not less than 700 feet and that of the upper as about 400 feet.» 
Fossils are generally scarce in the lower subdivision except in the eastern 
portion of the scarp where echinoids and bivalves occur in some profusion, and 
a sprinkling of gastropods and cephalopods have been collected in one or 
two localities.3 Where the beds bend over and are exposed with a high dip in 
the low ground south of Tharia, the basal conglomerate is represented by a 
coarse, felspathic, ochreous sandstone, while the overlying beds, having a 
thickness of about 1,200 feet, consist of pale grey shales, locally nodular 
calcareous or ferruginous, with some thin layers of earthy limestone or sandstone^^ 
The whole succession, besides being thicker than that exposed on the plateau 
north of the monoclinal axis, is earthy in character instead of sandy, a contrast 
implying a greater distance from the margin of the sea. 

No fossils have as yet been found west of the Khasi Hills. In the Garo Hills^ 
the Cretaceousattainsa considerable development as an arenaceous series, contain¬ 
ing in places coal seams of some importanee. The horizontal sandstones of the 
plateau here rest on a more deeply eroded and irregular gneissic surface than those 
of the Khasi Hills to the east. At the western end of the range thes a ndstones lap 
round the extremity of the Tura gneissic ridge, and the original relations of the 
rocks are nowhere better seen than they are here. The spur on which the station 
of Tura stands—some 2,000 feet below the crest of the ridge—^has a W.N.W.-E.S.E* 
midrib of gneiss, which formed an ancient island ridge standing out of the 
Cretaceous sea covering that part of the Shillong plateau lying to the east.* 
Against the steep face of this ridge lean the scarcely disturbed Cretaceous sedi¬ 
ments, made up of coarse grits and sandstones with a basal layer of white kaolin¬ 
bearing clay ; through these sediments the streams have excavated fresh channels. 
At the village of Aruark, a few miles west of Siju, a considerable thickness of Cre¬ 
taceous rocks is found resting nearly vertically against the gneiss. Farther west 
o t the head waters of the Nitai and Bogai rivers, Cretaceous rocks are to be seen 

1 Gen. Rep., Ree. 73, 78 (1938). 

> Gen. Rep., 22-23 (1900 01). 

» Gen. Rep., 27 (1901-02). 

« E. S. Pinfold. See. L., 126 (1919). 
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lying horizontally on a platform of gneiss, four or five miles broad and extending 
for about fourteen miles along the base of the main range.^ 

Eastwards the Cretaceous of this area passes conformably beneath the Ter 
-tiaries near the S^pili (Kopili) river. Beyond this we have only isolated observa¬ 
tions. The thin-bedded sandstones at the falls of the Kapili are believed to be of 
dretaceous age, and typical Cretaceous coal is associate with sandst one and 
4U>me hard sandy limestone resting flatly on the gneiss in the Nambar and 
Doigrung valleys, near Golaghat. 

It is in the small local depressions of the old land surface on the plateau that the 
dretaceous coal is found. There are many of these small coal basins and, while 
the most important of them are of early Tertiary age, some of those in the Oaro 
Hills and Jaintia Hills are believed to be Cretaceous; the best known of the latter 
•category is perhaps the coalfield of the Umblai (Eynshiang) river in the Khasi Hills. 
In the o|>inion of Dr. Fox, the Cretaceous coal measures, the seams of which are 
apt to thin out rapidly, pass laterally into the marine beds and are probably lagoonal 
tn origin.* The mineral itself has a persistent character and is remarkable as 
being less of a true coal and nearer a lignite than that found in the overlying 
Nummulitic group; it has a smooth conchoidal fracture and gives out a dull 
wooden sound when struck. It has the additional peculiarity of containing 
numerous specks and small nests of fossil resin. Some of the coal is of good 
•quality, but seams are thin and interbedded with slaty shales and sandstones.’ 

The majority of the fossils, examined by Dr. E. Spengler, come from the following 
five localities: Tharia Ghat; below Mamluh (Maomluh); Laisophlang; Sokha ; 
and Jowai; the first three lying to the south of Shillong, the other two farther east. 
The fossils from below Mamluh, Laisophlang, Sokha and Jowai, are derived from 
the glauconitic Mahadeo stage. Mediicott was of opinion that the Tharia Ghat 
horizon lies somewhat lower, and nearer the base of the succession, but Dr. Spengler 
finds that the faunas are not sufficiently distinct to merit differentiation, and the 
following list includes specimens from all the above and half-a-dozen other loca¬ 
lities, and indicates other parts of the world where many of the fossils or their 
.allies are found 


(N.)=Neo3omian. (C.)=Cenomanian. (T.)=Turonian. (L.S.)=Lower Seno- 
nian. (U.S.)=Upper Senonian. 



South India. 

Baluchistan, 

Persia, 

Syria. 

8 . Africa 
and 

Madagascar. 

Ventral and 
north 
Europe. 

South 

Europe and 
north Africa. 

America. 

Echinoder. 
mata— 

'Cidarie sp. 

(U.S.)? 1 







^ T. H. B. La Touche. Bee. XX, 41 (1887). 

» Mem. LVII, 46, 202 (1931). 

> Gen. Rep., Bee. LVIII, 24 (1025). 

^The half-a -dozen other localities have each furnished only one spooimen. Pal. Ind. 
Hew Ser. Vol. VIII, Mem. 1. 61-64 (1923)., 
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(6) CeriiQiiiwn inauffwraitum StoL ( 1 ®) Pseuddiva ambigua Bink (Maegtricht.) 

(7) Campanile morgani Bony. (Persia). (11) Unnamed species in Zululand and Pondoland. 

(8) Campanile regene Pofch6 (Si Hungary). (12) “ Semifusue'* dahotet^ Meek. 

(9) Peeudoliva eubeoetala Stol. (Banian of Niniyur). (13) Volutilithes cf. crenuUfer Bay. (Persia). 








Chap. XXVI. ] Tbb siabine obetaoeotts and some equivalent 1271 



(14) Paehyditeiu egeroniaiuu (Forb.); P. neubergieiu Hauer. ( 18 ) Groseoavre. Eecherohes onr la oroie aupfirierre. 

(16) Kowmat. BcKr./. Pak, eto., VoL XI, 134, (1898). Stratigraphio g6ii«rale. Table XXXIX, p. 830, (1901). 
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In addition to these Das-Qupta desoribes the following, most of them from th6 
“ Devil’s Bridge 

Qoniopygua sp. 

BMnocyamua kafnrupensis Das-Gupta, 

Pyrina ataxenHa Cott. (abundant; found also in the Maestrichtian of Baluchistan). 

Bhynehandta boaei Bas-Gupta, 

MagdUmia [Wdldheimk£\ of. hebertiana d’Orb. 

Inoceramua aimplex Stol. (found in the Ariyalur stage of 8. India). 

Peeien IVolaJ propinquua Holz. (found in the Senonian of Europe). 

9 $ 99 aequieoatalua Lam. (found in the Cenomanian-Turonian of Europe). 

Spondylua of. atriatua Sow. 

Plicatula inatdbUia Stol. (found in the Ariyatur stage of S. India). 

Septifer annectana (Stol.) (found in the Ariyalur stage of S. India). 

Lunatia rotundala (Sow.) (found in the Ariyalur stage of S. India). 

Protocypraaa kayei (Eorb.) (found in the Triohninopoly and Ariyalur stages of 8. India). 

Cerithium {Campanile) inauguraium Stol. (found in the Trichinopoly and Ariyalur 

stages of S. India; Das-Gupta calls it 
Cimolithium inauguraium **). 

Oinulia (Euptycha) apengleri Bas-Gupta, 

Chryphaea veaicularia (Lam.), (a world-wide speoies, found in the Maestrichtian of Baluschis- 

tan as well as in the Ariyalur and Niniyur stages , of S. 
India). 

Near Tharia Ghat, A. M. N. Ghosh has collected gastropod casts of Xeno- 
phora^ StrigateUa and Murex, and an unusually large species of Inoceramua. 
two feet long and ten inches across*. 

Of the total assemblage, 13 species are new, while half the remainder are identi¬ 
cal with species known from the Ariyalur beds of southertn India and indicate an 
Upper Senonian age ; in fact, of the 82 species which admit of exact determina¬ 
tion, no less than 50 are characteristic of the Upper Senonian. Of the forms 
common to Assam and southern India, Stigmatopyyua elatua, Alectryonia ungu- 
Inta^ Nerita divaricata^ Lyria craaaicoatata and Baculitea vagina are of particular 
importance; three of the new Assam species are also very closely related to 
Ariyalur species especially Pachydiacua aaaamenaia which is a close ally of P. 
^ertonianna. The Assam fauna shares 10 species with that of Baluchistan. The 
fact that typical Mediterranean elements such as Bippuritea^ Actaeonella and the 
Palchellidae are missing altogether or rare in Assam leads to the conclusion that 
the Upper Senonian transgression of Assam started from the Indo-Facific Ocean. 
The identity of so many of the Assam fossils with central European species is 
partly attributable to their cosmopolitan nature and partly to the fact that a 
much greater number of Chetaceous fossils happen to nave been described from 
central Europe than ftcm other parts of the world. 


* Quart, Joum. Qaot. Min. dS Met. Soe. Ind., Yol. 11,25-84 (1929). 
» Gen. Bep. Bee. LXXI, 27 (1986). 
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In the extreme east of the Shillong plateau, small exposures of sediments and 
trap in the southwestern portion of the Mikir Hills are classed as Cretaceous. 
Longloi Hill is a peak of gneiss lapped round on one side by a partially obscured 
sequence which includes 35 feet of a white argillaceous rock, massive below but 
stratified above, containing Small quartz grains, surmounted by some 20 feet of 
beds comprising a light grey, plant-bearing clay-shale dark carbonaceous shale 
and seams of coal with grains of fossil resin. The next highest exposure is one of 
Nuxnmulitic Limestone.^ 

Eight or ten miles to the northeast of Longloi, at the Jamuna Falls near Silbatta. 
the gneiss is overlain by a 20-foot band of decomposed hydrated trap mottled 
dark red and dull green, succeeded by the same thickness of a white, unfossili- 
ferous, chalk-like but non-calcareous, argillaceous rock nodular below but stratified 
above. The next highest exposure is again the Nummulitic Limestone. 

The trap, usually decomposed but blue-green in colour when freshly broken 
is exposed in several of the river beds of this area, resting directly on the gneiss. 
Its most northerly outcrop is recorded below the Nambor Falls, about a mile to 
the west of the Dhansiri river and some ten miles southwest of Golaghat; here 
it is a pale blue and ochreous mottled trap, immediately overlain by a series of grey 
clay-shales and shell limestones. 

THE BAGH BEDS OF THE NARBADA VALLEY. 

Marine Cretaceous deposits are thinly developed in the neighbourhood of 
Bagh, a town in the western portion of the Narbada valley, situated about 90 
miles west and a little south af Indore, and 35 miles W. S. W., of Dhar, but not 
itself actually on Cretaceous rocks. The Bagh Beds, as they are called, stretch 
with long interruptions up the river valley from a pomt in Bajpipla State some 
35 miles distant from the Gulf of Cambay, eastwards as far as Barwai (Barwaha), a 
town which is some 240 miles from the gulf coast. Here the Bagh sediments have 
been described by W.T. Blanford and by Yredenburg as marine equivalents of 
the fresh-water beds known as Lameta, and by P. N. Bose as unconformably 
overlain by members of this fresh-water group. The geographical distribution 
and inter-relationships of the Bagh and Lameta beds appears to support in some 
measure Bose’s conclusion, but the possibility that the Bagh beds may correspond 
to lower horizons of the ill-defined Lameta series of other parts of India cannot 
yet be entirely ruled out. Whatever the true relationship or degree of equi¬ 
valence between these two formations may be, the Lameta are best considered 
under the heading of Deccan Trap, with which they are here and elsewhere closely 
associated, and the extrusion of which commenced in all probability before 
the close of the Cretaceous period*. 

IF. H. Smith. Mem. XXVni, 78 (1898). 

* The exceptional occurrence of marine Cretaceous fossils recorded by Yredenburg in the 
basal conglomerate of what was thought to be the equivalent of the Nimar Sandstone near 
Barwai (Katkot Sandstone) is somewhat difficult to reconcile with the fresh-water aspect of 
the rest of the Nimar beds, unless the fossils were derived from an older deposit. Qhe cia- 
glomerate was described as containing ** typical Bagh (cretaceous) fossils ** and for this reason 
the Nimar Sandstone seems to have been looked upon as part and parcel of the Bagh seriee 
and both regarded as equivalent to the Lametas. The precise inter-relationship of the Nimar 
Sandstone, Bagh Beds and local Lametas is not quite clear, but in a general way the Nimar 
Sandstone appears to be older and the local Lametas younger than the marine Bagh beds, 
though all three are probably ri^tly included in the Cmtaceous. The Nimar Sandstone has 
been included as a late member of the Qondwana system; whether any earlier member coma- 
ponding to the Mahadeva is also present in the Narbada valley, as Mr. Bose seems to have 
thought possible, is another matter to be cleared up in this area. 
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In the east, the Bash beds ovexlie the Nimar Sandstone, which is almost en¬ 
tirely of fesh-watex origin and has been desoiibed under the heading of Upper 
Qondwana, with no apparent disoordanpe, but in Bajpipla further west it is 
admitted there may be a slight unconformity between the two*. 
In any case, the cnange in character ficom one formation to the other is 
marked, and the gap between the two may be more considerable than dip 
relationship might lead one to suppose. The total thickness of this interesting 
formation is, except in Bajpipla, usually insignificant, and its pieseivation is 
due to the protective covering of the Deccan basaltic flows. The Bagh beds 
occur chiefly along the edge of the traps, intervening between them and the meta- 
morphic rocks below. Between Balwari and Barwai, where the expanse of the 
trap is less eroded, the Bagh beds accompanied by the gniess or the Bijawars, crop 
outasinliers in the lavas, but for fifty miles the stretch of the latter is unbroken 
along the Narbada valley except for a tiny outcrop of Inter-trappeans north 
Hahesar*. . 

The Bagh Beds in Central India can be subdivided into four zones, all of a 
calcareous nature *: 

4. Coralline Limestone; 

8. Deols and Chirakhan Marl; 

2. Kodnlai Limestone; 

1. Oyster Bed. 

None of these subdivisions attains any considerable thickness, and the total 
succession in Central India nowhere exceeds 80 feet. The beds reach their greatest 
thickness along the southern limit of the exposures and thin out to the north. 
The two upper do not extend so far west as the two lower groups. 

The absence of the Oyster Bed in places does not necessarily signify a break 
in deposition more than that which would be caused by a change from fluviatile 
to shallow marine conditions. At Ghatia (Gatta), a short distance north of Barwai, 
the Oyster Bed, feet thick, is described as resting on an eroded surface of the 
Gondwana (NiWr) sandstone; at Pipri-Amlipura six miles northeast of Bagh 
on the other hand, there is no visible unconformity between the one foot Oyster 
Bed and the five feet of horizontal extremely coarse Nimar gritstones upon which 
it reposes. At Yalain, five miles west of Barwai, this subdivsion is probably re¬ 
presented by a sandstone in which the same ojrsters are sparsely distributed at the 
base of the nodular limestone. It is met with in other places west of Bagh, always 
on top of the Nimar sandstones, but the oysters, though rather numerous at Chikli 


iP. K Bose, Bee. XXXm, 172 (1908). 

*W.T. Blutford. Mem. VI, 207-219 (1869); P.N. Bow. Mem. XXI, 23-24 (1884); B. Vre- 
denlm^. Bee. XXX^ 109 (1907). 

*Vnden1raig xegeoded tiie upper three subdividone ae a sneoesBire facies of a single Palaeon- 
tolcgieal stage but there is somet&ig to be said for P.K. Bow’s view that thew three groups are 
ateuuated equividents of the Utatur ,7Driohiuop(dyaad Arlyalur stages of the Coromandel coast. 
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and Mongra, south of Eawant (E!awat), are never so abundant as they are at 
Ghatia or Amlipura. In Rajpipla this zone is seen here and there and takes the 
form of a brownish limestone, crowded with an Ostraea which appears to be of the 
same species as that found further east, and overlying in the usual way the Nimar 
Sandstones^. Upwards the Oyster Bed passes without a break into the Nodular 
Limestone, of which it is in reality a basal phase. The species of the Oyster 
Bed has been identified as Ostrea leymeriei d’Orb., a form found in the 
European Neocomian. 

The subdivision tabulated above holds good in Central India. The Nodular 
Limestone is the most extensive of the three. It is a whitish, compact, argillace¬ 
ous, generally nodular limestone, though at the eastern and western most outcrops 
in this region the peculiar nodular character is wanting. It shows some attenuation 
westwards but is nowhere entirely absent, and averages about 40 feet in thickness. 
Sometimes its base is not visible ; in the northern portion of the Man valley it rests 
directly on the metamorphics, but at Chirakhan and westwards throughout, the 
Nimar Sandstone intervences. Fossils are plentiful in the Nodular Limestone 
near Barwai and west of the Man valley (see table below). 

The Deola and Chirakhan Marl is a soft, almost fiaggy band, never more than 
10 feet thick, and is interesting chiefly as having yielded the majority of the fossils. 

The Coralline Limestone is the rock of which the old Mohammedan fort and 
town of Mandogarh was built. It is yellow or red in colour, and consists chiefly 
of small fragments of bryozoa, shells, etc., which are conspicuous only on weathered 
surfaces; the freshly broken surface has a somewhat granular, mottled appear¬ 
ance. It has a maximum thickness in the Man valley of about 30 feet, but 
thins out westwards ; it has been traced as far west as Umrali, near Ali, but is 
wanting in the district of Kawant*. 

In Rajpipla the limestones correlated with the Bagh beds are very dissimilar 
lithologically and have nowhere yielded the fossils so characteristic of the latter 
if we except the Ostraea bed with 0. leymeriei or some very closely related form. 
In this State the thickness of the limestones is less than that of the underlying 
sandstones but is probably not much less than 1,000 feet; both sandstones, and 
limestones have been disturbed, in places considerably so. The unaltered beds 
are here black, occasionally greyish-white or greenish, generally fine-grained and 
compact, with coarse siliceous or shaly intercalations; as a rule, however, they 
have been greatly affected by trap intrusions and altered to marbles®. The 
Rajpipla limestones have not been subdivided into the horizons recognised 
farther east. 

Thin, lenticular, disconnected outcrops of the Bagh beds are described by Gupta 
and Mukerjee as occurring in the form of narrow fringes along the margin of the 
Deccan Trap in the Jhabua and Ali Rajpur States of the Central India Agency, 
and in the Yajiria, Agar, Naswadi, Borad and Chhota Udepur States of the Rewa 
Kantha Agency*. 


iP. N. Bose. Jf2ec. XXXVH, 171 (1908). 
ap. N. Bose. Mem. XXI, 42 (1884). 
•iJec. XXXVn, 171 (1908). 

*Nec. 73,195 (1938). 
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In Jhabtta State and in the All Bajpur area to the south, the Bagh formation, 
which contains well preserved fossils, are oharaotorised by extreme heterogeneity of 
composition and by variabilil^ in thickness of its component beds^. Scarcely 
more than 10 or 15 feet thick though attaining a maximunm of 25 feet, 
and resting unconformably upon Aiavalli rocks, they project as flat shelves 
from beneath the Deccan flows« Lateral variation makes it difficult to draw 
up an accurate section, but the following, according to B. G. Gupta is the 
generalised sequence, which may perhaps include representatives of the 
Nimar Sandstone. 

5. Cherty.poroellanltio bands, often much breooiated .... 3 feet. 

. 4. Thick-b^ded, siliceous limestone.10 „ 

3. Ooncretionaiy and gritty limestone. 6 „ 

2. Calcareous grit.. . . . . . 3 „ 

1. Calcareous conglomerate. 4 „ 


26 feet. 


In the Gad Borad, the Nimar and Bagh beds, dipping very gently towards the 
S. 8. E., are well developed and are said to comprise pinl^h, coarse, gritty, quart- 
zitic sandstone, overlain with no apparent unconformity by a thick bed of 
brownish, soft, calcareous shale containing innumerable lamellibranebs most of 
them belonging to the genus Ostraeae the latter would appear to be or at any 
rate to include the Oyster bed at the base of the Bagh. Both sandstone and 
shale have been intruded by venins and sheets of Deccan trap*. 

The fauna from the Bagh Beds, though not copious, is interesting. The fol¬ 
lowing list shows the horizons in which the fossils occur; the determinations, 
other than those of the echinoids which have been revised by M. Fourtau, and 
the cephalopods which have been re-examined by Mr. Vredenburg, require revi¬ 
sion*. 


S(me of these are described as **rough determimtion*\ 


Fossils. 

Nodu¬ 

lar 

Lime¬ 

stone. 

Deola 

Marl. 

Coral¬ 

line 

Lime¬ 

stone. 

Belationships. 

Anthozoa— 





Thamnastraea decipiens Dvoie.', 


-f 


Cenomanian to Gosau of Europe 

Biyozoa— 

Oeriopora dispar Stoh, . 

+ 



Ariyalur stage of S. India. 

Rscharina sp.. 





Onychoedla [Escharal sp. 


+ 



„ Vincularia sp. . 






*Gen. Rec, LXVm, 71 (1334). 

•Gen. Bep. Bee.LXIX, 81 (1335). 

•Mem. XXI, 37, 40-41, 43 (1884); Bee. XXXVI, 103425 (1307); Ibid. XUX, 34-58(1318). 
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Fossilflk 

Nodu¬ 

lar 

Lime¬ 

stone. 

Deola 

Marl. 

[Coral¬ 

line 

Lime¬ 

stone. 

Belationshipe. 

Vermes— 





" Serpula plexus Sow. 


+ 



Eohinodermata^ 





Doracidaris namadiea (Duno.) . 

Salenia keatingei Fourt. 

Oyphosoma namadicum PouTt, . 

•Orthopais indica Dane. 

Echinobriaaus haydeni Fourt. . 

Hemiaster fourteeui Chipl. 

Vpisaater subsimilis Fourt. 

+ ' 

-f- 

+ 

+ 

4- 

4 

4 

4 1 

4 

4 

4 

4 

4 

Closely allied to D, jullieni 
Gauth. from the Aptian of 
Algeria. 

Resembles S, mamilUita Cott. 
from the Aptian of France. 

Related to C. peroni Cott. 
from the Barremian of 
France and Switzerland. 

Related to G. repellini Desor, 
from the Barremain and 
Aptian of Europe. 

Belated to E, eddissensis 
Gauth. from the Aptian and 
Albian of N. Africa. 

Fourtau’s “jy. oldhamV** 

a name preoccupied for 
Maestrichtian species from 
Baluchistan described by 
Noetling^. Related to H* 
luynesi Cott. from the Ceno¬ 
manian of Palestine. 

Related to 0. morgani Cott. & 
Gauth. from the Senonian of 
Perisa. 

Brachiopoda— 





Mhynchonella depressa Sow. 

„ plicaliloides Stol. . 


4 

4 

4 

Lower Greensand of Europe; a 
variety occurs in the Ceno« 
manian of Assam. 
Trichinopoly stage of 8. India 

liamellibranolijata— 





Ostraea leymeriei d'Oth, . 

+ 



Neocomain of Europe. 

Alectryonia arcotensis Stoi. • 


4' 


Ariyalur stage of S. India. 

Pecten yuinquecoatatus Sow. • 

+ 



Including the so-called **P. 
qmdrieostatus*' and *‘P. aU 
bus*^. Found in the Gault to 
Lower Chalk of Europe and 
Africa, and in the Utatui^ 
Trichinopoly and Ariyalur 
stages of 6. India. 

Zima (Acesia) ohliquietfiata Forb. 


4 

4 

Ariyalur stage of S. India. 

PlicatuUi mullteostafa Forb. 


4 


Trichinopoly stage of 8. India. 

ILithopkagus'l JAtkodomus arehiaci 
Leym. 


4 


Neooomian of Europe. 

Jnceeramus eoneenirieus Park . 


4 


Gault of Europe. 


1 See G. W# Cliiplonkep. Proc. Ind, Acad, Set,, Vol. VI, sect. B, July. 1S87, p. 60. 
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Possila. 

Nodue 

lar 

Lime¬ 

stone. 

Deola 

Marl. 

Coral¬ 

line 

Lime¬ 

stone. 

1 

Belationshipsn 

Lamellibranohiata~(con^.) 





Inoceramua coqmndianua d^Orb. 


4- 


Gault of Europe. 

M mnUiplkaiuB Stol. . 


4- 


Triohnnopoly stage of S. India. 

Pinna latieomiaSUA, 

Area securis d*Orb. 

+ 

4- 


Utatur and Ariyalur stages of 
S. India; also the Neoco- 
main of Europe. 

Cardium (Proiooardia) allum Porb. . 

-1- 

4- 


Utatur stage of S. India. 

»> fp hiUanum Sow 

Fensus sp. 


4- 

4- 


Trichinopoly stage of S. India; 
also the Cenomanian. Turo- 
nian and Senonian of Europe. 

Panope {**Panopaea") arouata *Orb. 

Gastropoda— 

+ 



Neooomian of Europe. Des¬ 
cribed as **Panopaea {My- 
opaia) “arcua to.” 

1 Scapkdla (Pulguraria) elongata 
d»Orb. 

Lyria granuloaa Stoh • 

Faseiolaria rigida 8toh • 

Ti^ionium [J’nton] sp. . 

+ 

+ 

+ 

+ 

4- 

+ 

4- 


Comparable to forms found in 
the Trichinopoly and Ari¬ 
yalur stages of 8. India; 
Pulguraria demgata is found 
in the Cenomanian and 
Turonian of Europe. 

Either the Trichinopoly or 
Ariyalur stage of S. India. 

Trichinopoly stage of 8. Indian 
also in the Cretaceous of S. 
Africa. 

Natiea sp. . . , , . 

4- 

4- 



Oerithium sp. . • « . 

4- 

4- 



Turriiella sp. 

4- 

4- 



Cephalopoda— 

Placenticeraa miniai Vred. 

4- 

4- 


Belated to P. tamulicum 
Blanf. from the Trichinopoly 
and Ariyalur stages of 8. 
India. 

Coelopoeeras (^^Namadoceras**) 9 c%ndiae 
Vred. 

Codapocaraa {**Namadocmts^') hoaei 
Vred. 

* t'hese maw he added anme enhi 

4- 

4- 


!Tn!a3nk 


J ^ v»w WW4.U*A**V/U A/jr XTAA. XJT. TT ■ WA11UXUAAJ|.«^A 

Sa^ut mmhuri CStipl. (related to S, cylindrica Amaud, from the Aptian-Albian of Prance), 
aff. micropyga Pourt. (species found in the Lower Cenomanian 

EMn6bri98U9 of. angutier Qauth (related to a variety found in the Upper Cenomanian of 
Algeria), ■ . ■ 

HenUasterhoh-anihitus Ghipl. (Pourtau’s '*0pi6asier ep.” from all three horizons of the 
Bagh B^s, described as related to, O. vigneH Cott. from the Cretaceous of ^lestine), 
>» of, Momati Peron ft Gsntii. (apMies found in the SenOnlen of Al^ria), 


* P«6. ifid, Attid. Pei., VoL VI, eect. B, 60-70 (July, 1087). 
•Bee. XXXVIiaW (1907). V 
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According to M. Fourtau, the majority of the echinoids have incontestible 
affinities with early Cretaceous forms and the rest appear to be ancestors of middle 
Cretaceous species; by this authority the beds were, therefore, assigned to the 
Albian or Gault, an epoch which saw the first appearance of the genus Bemiaster. 
Placenticeras mintoi was thought by Vredenburg to resemble P. uMigi Choff. ann 
w. aaadense Per. & Thom, found in the Bellasian of Portugal and the Yraconnian 
of Algeria, each of these two sub-stages representing the upper portion of the 
Albian. According to Dr. Spath, however, the ammonite fauna of the Bagh Beds^ 
limited as it is, is undoubtedly later even than the Cenomanian and is Turonian.^ 
Several of the molluscs of the earlier collections were claimed to be identical with 
Ariyalur and Trichinopoly forms, though any similarity between the Bagh and 
southern Indian faunas was subsequently denied by Kossmat^. In making any such 
comparison, however, the extreme thinness of the Bagh deposits and the compara* 
tive paucity of their fauna have to be taken into account. Fossils recently pro¬ 
cured from the Jhabua and Ali Rajpur areas show distinct relationships to the 
Trichinopoly and Ariyalur stages as well as to the Utatur, and their presence 
reduces the disparity which was thought by some to exist between the faunas of 
the Coromandel coast and the Narbada valley. According to a preliminary 
examination by P. N. Mukherjee, they include two lamellibranchs having close affi¬ 
nities with Utatur species from Pondicherry, viz., Astarte (Grotriana) jugosa (Forb.) 
and Circe {Oouldia) planissima (Forb.); three Trichinopoly species, Cardium (Pro^ 
tocardia) pondicherriense d’Orb., Circe (Oouldia) trigonioides (Stol.) and Cardium 
(Trachycardium) incomptum Sow.; one form identical with a species found in 
both the Trichinopoly and Ariyalur stages, viz. Turritella {^^Zaria'*) multistriata 
Reuss and one comparable to the Ariyalur species Meretrix (CaUista) sculpturata 
(Stol.)®. In addition there are two forms comparable to the Upper Cretaceous* 
European species, Ostraea curvirostris Nilss. and 0. wegmaniana d’Orb. These 
Bagh beds when traced northwards become less conglomeratic and are said to 
pass into typical Lameta beds, just as they are reported to do in the Dhar Forest 
area ; this supposed passage requires confirmation. 

It has been suggested that the Jhabua and Ali Rajpur fauna may be somewhat 
younger than that found further east, but the grounds for such a conclusion are 
not very strong. The tabulated assemblage given above was thought to be¬ 
long to a single geological epoch, but whether further careful collecting will show 
that the sequence in the Bagh Beds, like that in the Giumal Sandstone of north¬ 
west India, is an extremely condensed one, including horizons ranging from the 
top of the Albian to the Upper Senonian, remains to be seen ; the only certain 
conclusion which can be drawn at present is that the Bagh Beds comprise 
Turonian levels. If the presence of Ostraea leymeriei in the basal horizons has 
any important significance the Bagh Beds cannot extend stratigraphically much 
below the basal Cenomanian. Looked at as a whole, the Bagh fauna shows 
relationships with the Cretaceous faunas of Europe, ana a close affinity with 
a small fauna found on the southwest coast of Arabia. 

Before leaving the Narbada area it is interesting to note that in the Dhar 
Forest area nearly the whole of the Nilnanpur pargana, is in the condition of a 
terrace intermediate in altitude between the deep Narbada valley to the south and 

iPal.Ind,, New Ser., Vol. XV, Pt. V, 64 (1930). 

XXVIII, 42 (1896). 

• Gen. Rep. Rec, LXVIII, 73 (1934). 
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the much loftier Malwa plateau to the north. This terrace is remarkably flat 
and preserves much the same level—some 900 feet above the sea—^throughout its 
width from the foot of the Malwa scarp to the edge of the cliffs overloohmg the 
Narbada. It is thought to represent an ancient Cretaceous peneplain of hard 
Bijaifirar and Yindhyan rocks, exposed by the denudation of the easily weathered 
overlying Lameta sediments. In that case it would have to be regarded as younger 
than the peneplain traced throughout the length of the Azavalli ranye by Heron 
and Middlemiss. 

CUTCH AND KATHIAWAR. 

Catch.—In dutch the beds of the Umia series are covered unoonformably by the 
Deccan Trap or by Tertiary rocks except in one place, where they underlie a thin 
bed of ferruginous oolitic rook which intervenes between them and the base of 
the traps forming Ukra (Ukhra) Hill, seven miles southeast of Lakhpat. The 
outcrop of this Cretaceous bed is ill seen, and nothing is definitely known as to the 
relationship between it and the subjacent formation but, although there is no 
marked contrast between them the two faunas indicate an appreciable time gap. 
The Cretaceous beds occur only at the northern foot of the Ukra hills. It is thought 
that further examination will revevl the existence in this outlier of a far more 
complete fauna than that represented by the scanty remains so far available.^ 

The ammonites found in the beds indicate an Upper Aptian age and include :— 

CdUmbiceraa toaageni Spath (Waagen’s ** AmnumUes (Deshayentes) deshayeei (Leym.)*’ 

Chdoniceraa sp, juv. aff. martini (d’Orb.) (species found in the Upper Aptian of the Lower 
Alps), 

Orioceraa (Tropaeum) aff. auatralia (Moore) (species found in Australia). 

Kutiiiawar.—On top of the MVadhwan Sandstone of Kathiawar, tiiere are in 
places cherty beds or thin bands of limestone which recall the rocks of Bagh. In the 
neighbourhood of Wadhwan, there is a thin band of drab*coloured, tough, some¬ 
times gritty or chalcedonic limestone containing marine fossils comprising chiefly 
bryozoa, a few small corals and a portion of an ammonite having a flattened keel, 
among a matted mass of broken indeterminable shells. The ammonite was des¬ 
cribed as resembling the Cretaceous Ammonites guadaloupaeB,oem..^*; if identi¬ 
cal with the Bagh ammonite originally so named, it must now be called Pktcenti— 
ceras mintoi Yred. which is closely related to P. tamulicum Blanf., a form very 
characteristic of the Trichinopoly stage of southern India but said to occur also 
in the Ariyalur. Other localities in il^thiawar have yielded Ostraea and Natica, 
Although there have been found no fossils sufficiently well preserved to indicate 
the precise age of the beds, the general facies of those so far collected, as well as 
the lithological character of the rock in which they are preserved,sugge8tB a correla¬ 
tion of the beds with the Cretaceous of Bagh, a relationship to some extent con¬ 
firmed by the direct superposition of the beds on sandstones which have every 
appearance of being the equivalents of the Nimar sandstones of probably Upper 
Qondwana age. The relation of the Kathiawar succession to the overlying Deccan 
Trap is very similar to that of the Bagh sequence to the same igneous suite, there 
being a distinct erosion unconformity between the two. 

RAJPITTANA. 

As already indicated (page 1157), the Paiihar Sandstone of northern Jaisalmer 
in Bajpntana may range up into the Neocomian. Above this series comes ano- 
• ther, named by hb. B. D. (Mdham the Abnr beds, consisting of sandstones, shale 


> Spath. m. Ini. ST. Sot., Vol. IX, Mem. 2,700,7M (1088). 
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and fossilifeiouB limestones, the last weathering to a dark red colour^. Among the 
limestones is a very characteristic thin fossiliferous band in which all the fossils 
except the oysters have been converted into a ydlow substance and contrast 
conspicuously with the matrix in which they occur. This band is known locally 
as << Abur stone ” and is employed for building purposes, especially in the 
construction of temple thresholds. Its fauna has not yet been worked out 
in detail but, according to Dr. Spath, includes a large number of specimens of an 
Aptian group of ammonites of considerable interest^. Some are almost 
identical with forms from Alberta, Canada ; others are comparable to BoplUes 
fnacconndli' Whiteaves from the same beds, and to ‘ HopUtides ’ laeviusculus 
V. Eoen. from the Lower Aptian of north Germany. Another ammonite 
Deshayesites (^) aburensis Spath is an ancestral type, and might almost be 
included in the genus Psuedohaploceras Hyatt. The horizon indicated is Lower 
Aptian. 

BALUCmSTAN AND WESTERN SIND. 

Baluchistan.—From the Gumal river, which forms the northern boundary of 
Baluchistan, the Cretaceous has been traced as a broad crescentic outcrop, partly 
concealed beneath outlying area of Nummulitic rocks, and sweeping southwards and 
westwards to the Quetta-Pishin syntaxis; thence it has been followed southwards, 
again hidden in places by the Nummulitics, especially by a large tract of those rocks 
east of Kalat town, and interrupted by many anticlinal inliers of Jurassic, to 
within a few miles north of Karachi. In Sarawan, Jhalawan and Makran, and 
possibly in pther parts, the middle portion of the Cretaceous sequence appear to be 
un-represented, and there is unconformity within the system as well as with the 
underlying Jurassics. The lowest Cretaceous beds exposed are the Belemnite Shales 
but, where these are absent, Lower Cretaceous limestones are seen encircling 
the great anticlinal bosses of Jurassics composed in some cases of Middle Jurassic 
li&estones, in other of Liassic beds. In the Thai area between Loralai and the 
Marri hills, for example, the Belemnite beds form oval ring-like exposers round 
cores of massive limestones which were at first assigned to the Cretaceous but are 
now regarded as Jurassic. Throughout Baluchistan, the Barremian, Aptian, 
Albian, Cenomanian, Turonian and Lower Senonian are invariably missing. 

The Belemnite Beds which in the country between Sharigh and Spintangi 
and in the Chappar rift were originally referred to as the Chappar Shales, are 
described as a series of dark grey or black shaly beds, often containing an ad* 
mixture of volcanic ash, overlain by red and green mottled shales and thin-bedded 
limestones capped in their turn by a characteristic white limestone containing 
Orbitoides; since this white limestone is of Upper Cretaceous age (Msestrichtian; 
there must be a long time gap between them and the underlying Belemnite Beds. 
Including the 200 feet of this white limestone, at the top, the thickness of 
the beds appears to be about 1,000 feet, but there are great variations owing 
partly to the manner in which the soft shaly beds have yielded to compression, 
and partly to the erosion of the upper beds previous to the deposition of the next 
succeeding group. Locally the shaly beds are abundantly fossiliferous but, with 
the exception of a few ammonite fragments, the only forins so far found are well 
preserved belemnites belonging chiefly to the dilatata group*. The following 


iRee. XIX, 159 (1886). 

• Pah Ind,f New Ser., Yol. IX, Mem. 2,800-801 (1033). 

« E. D. Oldham. Bee. XXV, 19 (1892); Gen. R^. Nee. XXXVm, 29 (1909). 
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have bean identified b 7 Noetling and indicate a Neocomian age, including the 
lower or Yalanginian stage thereof and po 8 sibl 7 a portion of the Upper or 
Hauterivian stages,^ 

Belemnoidea-; 

BdmmiieB UUu$ Blaiuv.? (found in France; one damaged specimen only), 

„ (HUtolitea) dubfuaifornUa BAsp. (aTariable form but the commonest species 

found in iFranoe), 

n »» t9 99 var. baluchiatananaia, 

99 (HibolUea) piatilliformia Blainv. (found in France), 

„ {Duvalia) dilakUua Blainr. (a variable form; found in France). 

.Ammonoidea^ 

HoplUaa amblygonua Neum., 

HdkoaUphanua sp. (group of H. (Rogeraitea) aatierianua; Dr. Spath adopts the spelling 
**Olcoatephanua'* 

Periaphindea{J) 8 p,, 

Phylloceraa of. veUeiae d’Qrb., 

Crioeerfia sp.. 

Fragments of aptyohi belonging to the imbricati and puneiali groups. 

Fossils from a limestone in that part oftheDunghan range lying within the Marti 
country include two foraminifera identified by Col. L. M. Davies as Orhitoides 
media d’Arch. and Omphalocyclus macropofa Lam. They come from the lower 500 
feet of the limestone, which has been loosely referred to as the Dunghan Lime¬ 
stone ”, and indicate the presence of the Danian. The middle portion of the lime¬ 
stone is of Palssocene age, and the upper Lower Eocene*. 

In the range containing the Takatu peak to the north of Quetta, the massive 
Jurassic limestone has been thrust southeastwards over the Cretaceous. In the 
vicinity of ()uetta, the Belemnite Beds appear to be represented by not less 
than 500 feet of characteristic unfossiliferous fine-grained shaly or flaggy lime¬ 
stones and calcareous shales, chiefly white or cream-colored but variegated or 
alternating with patches or bands of purplish red colour. About twenty-five 
miles to the north of Quetta, similar beds are to be seen stratigraphically overlying 
a mass of conglomerate, probably 1,000 feet thick entirely composed of rolled 
pebbles of doleritic material. This conglomerate succeeds a dark limestone prob¬ 
ably referable to the Jurassic, and may, therefore, represent a basal stage, of the 
Cretaceous older than the Belemnite Beds*. In this locality beds of basalt are 
also associated with the shales, some of them at least intrusive. A similar 
sequence of conglomerate and variegated calcareous shales is reported west and 
north-west of E^ndahar in Afghanistan. 

In Sarawan, Jhalawan and Mekran, the Belemnite Beds, here black and 
splintery are succeeded by the Farh Limestones and these by the Lituola Beds*. 
^1 three stages were ass^ed by Yredenburg to the Lower Cretaceous, but 
nmmonities the Farh Limestones have since been found to indicate a Turonian 

tPai. /nd. Ser. XVI, Vd. I, Ft. 2, p. 1 (1807); J6«., New Bar., Vol. XXV, Mem. 1 
p. 135 (1939). Chrypkaea cUdhami Koetl. crlgbally included in the list, did not come from the 
Belemnite Smea (Qen. Bep. 189S-99 52). 

* Gaol Mag .9 LXXVm, 316-817 (1941). 

« W. T. Blanfozd. ifem. XX, 142 (U|M). 

These two uppor stegesseem to have been includedaspart oftheBelemnite Beds by early 
urorekrs. 
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age^ This being so, there must be a marked break between the Neocomian 
Belemnite Shales and the Parh beds. These three stages attain a great thickness 
in the neighbourhood of B3iozdar and Zidi where they build up lofty ridges 
without the aid of any exposed JurasBic8*(H). 

The Parh beds are regularly stratified, porcellanic limestones, usually of an 
intensely white colour except for some bright red beds mostly at the base of the 
stage. 

The Lituola Beds consist of buff or pale greens, flaggy limestones and shales 
containing numerous small foraminifera, principally of the genus Lituola ; this 
stage would seem to correspond to the Lower Senonian (Emscherian). 

Above the Lower Cretaceous of this area, therefore, there is an unconformity 
and similar though much smaller breaks are discernible between the Upper Cre¬ 
taceous and the overlying Laki, between the latter and the Eiithar (both Eocene), 
and between the Eirthar and the Nari (Oligocene), indicating repeated irregular 
denudation and encroachment. In the Thal-Chotiali area, the unconformity above 
the Belemnite beds is unmarked by any difference in dip and there has been no 
noticeable disturbance in spite of a considerable lapse of time between the two 
epochs.® 

The Upper Cretaceous in Baluchistan is a very variable formation, consisting 
sometimes mostly of limestones, sometimes mostly of sandstones, and sometimes of 
a combination of shales, sandstones and limestones; in the Pab range it is repre¬ 
sented by thousands of feet of coarse sandstones*. Its thickness is equally 
inconstant, and in some places the whole group is absent. 

In Sarawan, Jhalawan and Mekran, the Upper Cretaceous includes enormous 
intrusive masses of dolerite, basalt and serpentine, belonging to the Deccan Trap 
suite. Omitting these, the local classification is as follows, the various rock 
groups being scattered all over the region, especially in the synclinal areas 
between the great anticlinal ridges of J^urassic limestones, and the sequence 
showing considerable variation: 

4. Volcanic conglomerates, accompanied by shales with Cf^rdita beaumonti, 50-300 feet 

3. Olive Shales, with CardfYa . 200-400 „ 

2. Pab Sandstones. 

1. Hemipneustes Beds. 100-300 feet. 

In another section, Vredenburg gives the following succession:— 

3. Olive shales and sandstone, sometimes calcareous, with Cardita beaumonti 350-400 feet 

2. Pab series of black-weathering sandstones and conglomerates . 700 „ 

1. Whitish limestones, partly arenaceous, with Orbitoides . . . 320 „ 

The Hemipneustes Beds are grey limestones and calcareous shales charaterised 
by the Maestricht echinoid, Bemijmeustes, and especially well developed in the 
Morau anticline to the north of Narmuk in Sarawan, and in Jhalawan near Ehar- 
2 au and south of Earu. 

* Vide Col. L. M. Davies. Proc. Sixth Padf, Sei, Cmgr,^ 1039, p. 485. 

* £.W« Vredenburg. Bee, XXXVIII, 200 (1909). 

® B. D. Oldham. Bee. XXV, 20 (1892). 

*Pec.XXXVIII,196 (1909). 
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The Pab Sandstones attain an enormous thickness in the range of that name 
which consists largely of them. Massive, rather coarse, and accompanied by 
volcanic material, they appear to dovetail into the Olive Shales and Cardita beau- 
monti beds and to occur at more than one horizon therein. In many places 
Cardita heaumonti recurs at all levels of the thick Pab sandstones^. 

The Olive Shales, which are best seen south of Karu, contain numerous am¬ 
monites. Their colour is probably due to the presence of volcanic dust, while 
occasional interbedded volcanic ash beds are to be regarded as forerunners of 
the Deccan Trap outburst*. Interbedded at intervals with these shales are thin 
bands of a peculiar, dark, brittle, porcellanoid rock, often full of calcareous 
concretions similar to those found in the corresponding horizon in the Des 
valley. 

The bands of sandstone and dark limestone containing the Cardita heaumonti 
fauna are quite thin—usually from 20 to 40 feet—but they are followed by sand¬ 
stones and arenaceous shales or, near Earn, by a great thickness of massive brown 
limestones with fossils which do not weather out; over all come tuffs or lavas of 
the Deccan Trap, the former sometimes croweded with fossils none of which weathers 
out with the exception of a very large species of Nautilus. The volcanic con¬ 
glomerates of the Cardita heaumonti Beds and the volcanic material of the other 
stages are all connected with the Deccan Trap disturbances. 

In much of northern Baluchistan, the Upper Cretaceous, when not represented 
by the white Orbitoides bearing limestone, appears to be absent and the Belemnite 
Shales are succeeded by the Dunghan Limestone, a formation which was referred 
to the Upper Cretaceous in the last edition of this Manual but which, there is every 
reason to believe, consists for the most part of Palaeocene and Lower Eocene 
strata, though the topmost Cretaceous horizon of the Cardita heaumonti beds 
may have been included in some sections. In the hill-range east of the Quetta 
plain, Oriesbach found abundant rudistids in some of the limestones, which 
are described as very similar to the ** Hippuritic Limestone ” of Persia; a 
few hundred feet of these rocks are seen near Sir-i-ab, the base not being 
exposed*. The Upper Cretaceous of the Des valley and Mazar Drik both 
in the Marri Hills, was divided by Noetling into many zones*, which have been 
correlated by Vredenburg with the succession in southern Baluchistan detailed 
above*, and have yielded the bulk of the numerous fossils obtained from the 
Upper Cretaceous of Baluchistan. 

The Hemipneustes Beds, forming the base of the Upper Cretaceous in Jhalawa n 
from the three localities, Mula Pass, Wad and Earn, have yielded : 

Fcramini&rar— 

OmjMaeycliu rnampora (Lam.) (especially large and abundant towards the top of the stage 
found also in Europe, Tibet, E. Persia and Somaliland). 

* In his paper in the Beoords (XXXVIll, 129) Vredenburg places the Pab sandstones 

above the Olive shales, whereas, in his introductory note to Pal. Ind., New, Ser., 
Vol. in. Ft. 1, u. vii, he reverses the older; sections drawn in the latter show? the 
Olive shides overlying the Pab sandstones. 

sE. Vredenburg. See. XXXVI, 181 (1907). 

•ifsiii.XX,140(1883). 

* OenirMl f. Min. Geol u. Pai., 1908, p. 515; see also Pal. Ind., Ser. XVI, Vol. I, Pt. 8, 

(1897); and Gen. Eep. 1898-99,52^ ^ 

•Ess. XXXVI, 172 (1907). 
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Sohinoidea^ 

HemipneuBtes eompresBUB Noetl. (abundant), 

Hemiaater tamulieus KosBm* (found in the Artyalur stage of S. India). 

Lamellibranchiata— 

Gry^haea [Pycnodania] veaiculariB Lani. (abundant; a world*wide form, found alao in the 
Ariyalur Btage of S. India), 

Meeiryonia larva (Lam.) (usually infrequent except in the uppermost cones), 

Pecten [Neiihae\ atnaUKoatatua Qoldf. 

Gastropoda— 

Ntrita (Naritina) d'Archiaci Noetl., 

„ {OtoaUma) (Noetling’s "Neria pontica*'; found in the Ariyalur). 

„ divaricaUt d’Orb# 

Pyrgulifera [Hautkenia] atriaia (Douv.). 

Cephalopoda— 

Peronieeraa sp. (same species as in “Zone 4** of the Des valley), 

Paehydiacua avlmeaia SohlUt., 

BaculUea itp. 

The Hemipneustes Beds of the south are thought to correspond principally to 
‘‘Zones 7-18*’ in the Des valley, and to “Zones 3-9“ at Mazar Drik; among the 
fossils collected from these zones in the Des valley and at Mazar Drik occur the 
following:^ 

Foraminifere— 

OrbUoidea msdta d'Arch. (especially adundant at the boundary between the Campanian and 
Maestrichtian in Europe). 

Orbitoidea hollandi Vred., 

Lepidorbitoidea aocialia (Leym.) (with this Douvill6 synonymtscs Orhitoid a minor Sohlumb 
found in the Siilaiman range, in the Niniyur stage of S. India and in its equivalent along 
the east coast of Madagascar), 

Omphaloeyclua macropora (Lam.) (in places large and plentiful). 

Echinoid^a— 

Cyphoaoma apeciale Cott. A Gauth., 

Noetlingaater (NoetUngia) paueiUiherculata (Noetl.) (Noctling’s **Profechinva panciiu- 
bereulata*, 

Clypeolampaa helioa Noetl., 

Clypeolampaa viahnu Noetl: 

Hemlpneuatea compreaaua Noetl. (abundant; closely resembling U, pyrenaiema Heb. from 
the Upper Cretaceous of the Pyrenees), 

Pyrina orienkdia Cott. &; Gauth. (Noetling’b P. ataxenaia Cott.), 

Pyrinagigantea Noetl., 

HoWlypva htUuchistanfinaia Noetl., 

Cidaria aulaimam Noetl. (closely related to C, peraica Cott. & Gauth.), 

Echinantkua (?) grieabachi Noetl. (probably belongs to a new genu0>.) 


iMany other forms are listed by Noetling, but Vredenburg implies that the determination 
are not all reliable. The following are apparently accepted by Vredenbung, but their exact 
horiron in the Upper Cretaceous is uncertain: Modiola mahnu Noetl., Caidium harnaianae 
Noetl., CraaaatalliteaC^Craaaatelld*'*) macrodonta (Sow.), Arclica (“Gypnona”) mazariana (Noetl.), 
Boudairia cr*taaoplicata NoctL, Vohrtilithea aapUmcoatata (Forb.) (Noetling’s “Folwte laiiaepta 
Stol.**), an Ariyalur form, Oatraea acuiiroatria Nilss., a form specially charaote istic of the Cardita 
beaumonti beds-of Europe, Egypt and Persia (the specimens from the Ariyalur stage so named 
are considered by Douv 111^ to be identical with liis O, orientalia from the Cardita beaumonti 
beds of Baluchistan), and AUxtryonia ungulata Schloth. (another Ariyalur species, found also in 
other parts of the world: Vredenburg identifies it as A. larm (Lamp.). The lollowing additional 
forms are included in the lists pabli&ed in Pal. lnd„ Ser., XVI, Vol. T, Pt. 3 (1807): CyeMitea 
madlicotti Noetl., C. regularia Leym., Eehinoconua gigaa Cott., Exogyra pyrenaica Leym., Sppn^ 
dylua aantonienaia d*Orb., Pholadomya indiea Noetl., Corbula harpa d^Arch. & H. Badiolifev 
suhdilatata Goin. Oariihium \Pyrozua\ viahnu Noetl., Foltrto paeudoeMfoto Noetl., Noetling*a 
Trochua lartetianua Leym. from Mazar Drik and the Dea valley has been recognised in the Maes- 
triebtian of Oman; ft ia a European species. Bion identifies Inveeramua baltieua Bohm from 
the Kaha Pass between Marri and Dragal (west of Dera Ghazi Khan), and also Exogyra decuaaata 
Coq., the former an Ariyalur species (Pec. LVI, 266-6 (1024)). 

>Pec. XLI, 46 (1011). 

tPsc. XLIV, 14 (1014). 

0 G8T/64 
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Bohinoidea—eon<c(. 

Hemkuier iamulieua Kosam. (ad Ariyalnr apeoiea; identical with JET. hkmdfordi'Soeth 
Hemiaster ddhmni Nootl. 


Laniellibranchiata— 

''AUetryonia peeUtuUa (Lun.) (an Ariyalur species of world-wide distribution). 

Ahctryonia ungulata Schloth. (an Ariyahir form; identified by Vredenburg as A. larre 
(Lam.)), 

Oryphaea {PycnodjfUa) ^^tcularia (Lam.) (an Ariyalur species of world-widedistribation, 
Patten (NtiUhw) quinquenanyularia Noetl., 

n »> faujasi (Plot. A Camp.) (Noetling*s ^^Naitkea qHodficoataUi Sow.'* appears 
replace P. tafocos/otas found in the south), • 

99 (Chlamya) mjardini Boem. (found in the Cenomanian to Upper Senonian of Europe, 
and possibly in the Upper Senonian of Assam), 

PhoUadomya tiyria Noet)., 

Bmtmonia of BiradMitea sp. (Noetling’s ^^RadUAitiaa niuaehkaU>ffi*'). 


Gastropoda-— 

TurriteUa aexlienaaia Boem. (found in Assam, and other parts of the world). 

„ quadricincia Goldf., 

t» forgamdli Coq. (Nootling's **Narinea qttettenaia*')^ 

Cerihium buddha NoetK, 

1 Nerinea ganaaha Noetl. (erroneously emended by Vredenburg to '"Carithium (Campanah) 
ganaaha (Noetl.)” recognised in the Maestrichtian of Oman) 

VihUilithaa r^iaanxiana (d’Orb.) (Noetling’s ”F. duhia"; found in Assam). 

Qianriia haluckiatananaia Noetl., 

,« hanadicti Vred. (a very large species^). 

Nerita (Neritina) d^Archiaei Noetl., 

Pngnellua digiiatua Noelt., 

„ eraaaicoatatua Noetl. (found in the Lower Cretaceous of Madagascar; closely 
allied to P. wicatna (Forb.) in the Ari^^alur stage of S. India). 


Cephalopoda— 

SpKemdiacua acutodorsaiua Noetl. (abundant in places), 

cf. ahiva (Forb.) (very abundant; found in the Airyalur stage), 

Pachydiacua dulmenaia Schlfit., 

Heteroceraa polyplocum Boem., 

Peroniceraa sp., 

Oaudryceraa cf. hayti (Forb.) (species found in the Ariyalurs, and In other parts of the World) 
BticuliUa hinodoam Noetl. (exact horizon uncertain, but probably the same as that of 
Sphanodiacua acutodoraatva), 

Thefossiliferousliorizonof the Olive Shale stage of Jhalawan is characterised 
by what Vredenburg describes as Cardita subcomplanata d’Arch. & H.® and by 
numerous specimens of Alectryonia larva (Lam.); in addition there are found: 
PugneUus crasaicoatatus Neotl., Sphenodiacua ubaghai de Gross, closely related 
to S. binhhorati Bdhm. from Maestricht, characteristic of the last of the European 
ammonite zones® Schlmteria tarteti Seunes, Pachydiacua neubergicua v. Hauer, 
Baculiiea ap. and many other fossils.* In the Des valley it is represented by 
^^Zones 19-23” and at Mazar Drik by ‘‘Zones 10-13”; from these come; 


Echinoideo— 

Trochoamilla nrotaetana Noetl., 
Orthopnia parlata Noetl., 

Hamipnauataa eompraaaua Noetl. (rare), 
Hoieetypua bdluchiaiananaia Noetl., 


iPal. lnd .9 New Ser., Vol. VII, Mem. 3, 51, (1927). 

^According to Dr. L. B. Cox, Noetlii^*s **Oardiia auheomplanata d’Arch. A H.*’ from the 
Upper Cretaceous of Baluchistan is smaller and different species (Trana. Rqy, Soc. 
Bdin ,9 LVn, 69, (1934); Vredenburg, on the other hand, approves apparently of the 
identification (Pee. XXX\ 1,^176,177,181,183 (1907.) 

•Pee. XXXVI, 192 (1907). 

•Pec. XXXVI, 181-2 (1907). 
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Lamellibranchiata— 

fCardita {Venericardia) auhcomplanata d*Arch. (see note (1) on previous page; speoiea 
recognised also in the Maestrichtian of Oman), 

Ostraea (FUmingosiraea) morgani VredA 

Plicatula hirwia Goq. (Noetling’s ' IIinnites(f) foliacew'*; found also in the Maestrichtian 
of Oman), 

Cardium loralaienae Noetl., 

Crasaatdlilea [Crassatdla] austriaea (Zitt.) Douv. (Koetling*e ^*Cypr%na desemis**; found 
also in the Maestrichtian of Persia and Oman and in the Gosaa of Europe), 

Chama callosa Noetl., 

Gastropoda— 

Turritella aexlineata Roem, 

„ quitiqueeostaia Noetl., 

„ quadricineta Goldf., 

Nerinea ganesha Noetl., 

Pugneillus crassicostatus Noetl., 

„ digitatm Noetl., 

„ giganieus Noetl., 

Oisortia coasmanni Vrod. (Noetling*s‘*Ot;ulae.rpaiMad*Aroh. &H.**;equivalentto 0. orbignyi 
May.a 

Volutilithea renauxiam (d’Orb.), 

PhyaalfBullinua] prinaepii Sow. 

Cephalopoda— 

Sphenodiaeva vhaghai de Gross., 

Tndoceraa haluchiatanenae Nootl, 

Pachydiacua sp. (probably P. neubergieua v. Hauer). 

Near Khatan was collected the crustacean, Ranina griesbachi Noetl, The 
occurrence in both the Des valley and Mazar Drik areas of Phyaa prinaepii^ or 
Bullinus prinsepii euryhalinus, as Dr. Annandale prefers to call it^ a form 
typical of the fresh-water inter-Trappean sediments, is of special interest; 
washed into the sea from some neighbouring estuary these shells, by their 
presence in beds containing a marine fauna of Maestrichtian age, confirm the 
conclusion that, whatever the final limit of the Deccan Trap period may be, the 
commencement dates at least as far back as the Maestrichtian or Lower 
Danian®. Yredenburg correlates the Hemipneustes Beds with the yaluda 3 mrs 
of southern India (Campanian), and the Olive Shales with the Trigonoaica 
Beds (Maestrichtian). A small Maestrichtian fauna from the Oman peninsula 
of Arabia has seven species in common with the Baluchistan assemblage.* 

The youngest zone with identifiable fossils in the Baluchistan Cretaceous 
is a thin one comprising sandstones associated in some places with dark brown 
or black limestones, and characterised by the presence of the globose Cardita 
{Venericardia) bea monti d’Arch. & H., to which C. (7.) lybica Zitt. from Egypt 
is So closely related as to be perhaps a mere variety; other intimately a Hied forms 
are C. (F.) ameliae from the Maestrichtian of Algeria, C. (F.) visquesneli d’Arch. 
& H., C. (F.) obliqm d’Arch., 0. (F.) subcomplanata d’Arch. & H. and C, (F.) 
jacquincti Stol. Other fossils recorded from the Cardita beaumonti beds of 

»Rec. XLVn, 197(1916). ~ 

aReo., LVIII, 360 (1925), 

»R6C. XXXVII, 19 (1908). 

aPec. LI, 63 (1920). V 

•Rec. XXXV, 117 (1907). 

-See Martin Less Q. J. Q. S., Vol. LXXXIV, 686 (1928). 
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Baluoliistan are Cardium lordhiense Neotl. and Oisortia expansa (d’Arch. Sc H.).' 
This stage falls into the Upper Danian (Montian) and corresponds to part at least 
of the Niniyur beds of southern India. In the latter are Cardita (Venericardia) 
jacquinoti d'Orb. which is very similar to and perhaps identical with 0. (F.) fteow- 
monti, and Turritella elicita Stol. which can also be closely matched in the Cardita 
. beaumonti beds ; a large mollusc in the Nihiyur, however, has its counterpart in 
Nerinea ganesha Noetl. found in the Hemipneustes Beds. 

In the Des valley the Cardita beaumonti beds contain what has been described 
as a vATiety^balmhistanensu-^of Cardita beaumontiy recorded also at Mazar 
Drik, and are followed by 100 feet of black unfossiliferous shales, and these are 
overlain by the Laki limestone of Ypresian age. In Jhalawan, 300 feet or more 
of Cretaceous strata with unidenti able fossils, as well as tufis and basaltic lava 
beds, intervene between the Cardita beaumonti stage and the Laki limestone^ 
but there is here no passage up from the Cretaceous to the Palaeocene-Eocene 
as was at one time supposed. 

Interstratified with volcanic material, consisting principally of tufts and agglo¬ 
merates, Cretaceous beds are present in north Chagai. Among them have been 
recognised the Cardita beaumonti beds, the Olive Shales, and the probable equi¬ 
valents of the Hemipneustes Beds and Belemnite Shales. Some difficulty has 
been experienced in estimating the precise age of all the marine sediments, ranging 
from Cretaceous to Eocene, found interstratified with the Volcanic material in 
this region. Some of the limestone masses, such as that forming the tall crags 
of Malik Gatt and that of the two hills Masanen Chaper and Kasanen Chapar^ 
are of the age of the Cardita beaumonti stage. The sequence in the Malik Gatt, 
an elongated, tabular hill of horizontal strata, is as follows. ^ 

5. Coralline limestone with Cardita beaumonti and other fossils ; 

4. Shales, often greenish and purple, and frequently interbedded with conglomeratic bands; 

3. Brown or buff limestone with black fossils, the upper portion full of volcanic material; 

2. Coarse, almost conglomeratic beds, made up of fragments of volcanic rocks, and full of 
oyster shells (Lioatraea hr^enburgi Douv.); 

1. Soft, greyshalcs full of gypsum ^eins. 

The fossils, which are definitely marine, come principally from Zone 3 but have 
been collected mostly from loose material, they include, according to the deter¬ 
minations of Prof. H. Douville,® 

Oatraea {Lioatraea) orientalia Douv. (Stoliczka’s “0. acutiroatria'^), 

„ „ Vredenburgi Douv., 

Cardita {Venericardia) beaumoutt d’Arch., 

Aatarteap,, 

Meretrix {CdUiaia) sp., 

Lucina cf. eoniorta Defr. (found in the Palaeocene of Europe), 

Cyprimeria sp., 

VekUea kaliotia (d’Arcb. & H.), (found in the Palaeocene of Ranikot), 

<Noetling also mentions **Cardita auheomplanata d’Arch. & H. (probably a smaller secies 
^orhula (Agina) karpa d’Arch. ft H. (a species found in the Palaeocene of Rodikot)» 
Nauiiluz aubfiemri^aiawua d’Arch. ft H. rechristened by Douvillb N. metafleuriavai, and 
" y. aublaaivigatua wllch dpengler has renamed N. baiuchiatanenaia, 

*K.Vredimhmg.Mem. XKXl, 236.7(1901). 

fFal. Jnd.t New &er., Vol. X, Mem. 8, p. 6 (1928). 
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Calypfraphona 6p., 

Cerithium (CaWi^niU) breve Douv., 

Nautilus labechei d’Arch. & H. (very close to or perhap is dentical with N» heberti d*Orb« 
an abundant form in beds of the same ago in Sind). 

In the Chapar area, the Gardita beanmonti Beds include a coralline limestone 
believed to correspond to that capping the Malik 6att; in this case, however, 
it is followed by shales, limestone bands and calcareous sandstones interstra- 
tified with tufis and agglomerates and intruded by diorites, and three or four 
fossiliferous bands. Two of the latter have^ yielded the following individual 
assemblages.^ 

Kasanen Chapar, lower horizon— 

Pholadomya halaensis d*Aroh. (found also in the Lower Eocene of Sind), 

Corbiila sulcifera Hisl. (an Inter-trappean form ; very close to C. subexorata d'Arch. from 
the Laki ser is of Sind and the Eocene of Egypt and Somaliland), 

Cardita {Venericardia) beaumonti d’Arch.. 

Cyprimeria gigaa Douv., 

Semiauricula sp., 

Lunatia {Gyrodea) vredeuburgi Douv., 

Pyrgulifera (Hautkenia) omatisaima Douv., 

„ „ alriatocoatala Douv., 

Faunus halucbensis Douv., 

Morgania [Vicacya\ fusiformia (Hisl.) (found in the Inter-trappeans of India ; identical 
with Irania fuaiformia Douv. from the uppermost horizons of the Cretaceous in Persia) 
Paeudoglauconia vredenburgi Douv. (an Eocene meJaniid genus in Peru), 

Turritella pvstuloaa Douv., 

„ [Meaalia)faaciatahfim. {occurs also in Persia), 

Cerithivm (Campanile) elongatum Douv., 

„ (Procerithium) millcgranum Miinst. (occurs also in Persia), 

„ (Tiaricerithium) vredeuburgi Douv., 

Potamiden cltaparcnaia Douv., 

,, (Pyrazus) expanaua Douv. (closely related to Pyrazus atoddarti Hisl. of Persia 
and io P, huddha Nootl. from Mazar Drik), 

„ „ atillana Vida (occurs also in Persia), 

„ (Terehraliopaia) sp. 

Kasanen Chafer, upper horizon— 

Cardita (Venericardia) beaumorUi di^Avch,^ 

Lnnatia cf. cretacea Goldf. (species found in Europe), 

Turritella pradonga Hisl., (an Inter-trappean species), 

Faunua mumia Douv. 

Morgania [yicaeya'\fusiJormia (Hisl.), 

Cerithium (Procerithium) triplex Douv., 

Potamidea (Terehraliopaia) diadermtua Douv,, 

From the Kan Area a little further north, -come the following few additional 
forms: 

Oatraea hanenaia Douv., 

Cardita (Venericardia) dliptica Douv. (abundant), 

Cerithium (Procerithium) mrgani Douv. (found also in Persia), 

„ (Tiaricerithium) bdluchenae Douv., 

Potamidea erneati Douv., 


iH. Douville. Pah Ind, New Ser., Vol. X. Mem. 3. p. (1928). 
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The beds at Kasanen Ghapar are overlain by shales and sandstones with veger 
table impressions and an estuarine appearance, recalling some of the Palasocene 
(Ranikot) beds of Sind.^ In the Kan area, the CardRa beaumonti beds are followed 
by olive green shales and limestone bands containing globular forms of alveolines 
very similar to the flosculines so characteristic of Palaeocene ; these shales and 
limestones, therefore, would appear to be passage beds beteeen the Cretaceous 
and Tertiary.* 

The Cardita beaumonti beds of Chagai are of sub-litoral or lagoonal facies* 
Certain of the species have their analogues in the Parisian Tertiary, but the large 
size of the Pyrazus, Cyprimeria and others point to a much warmer climate. 
Through the Pyrazus^ Morgai/m fusiformis and Turritella praelonga, this stage is 
related to the Inter-trappeans of Central India. 

At Amir-Chah a ridge of “Hippuritic” limestone is both overlain and under¬ 
lain by ilysch strata, A fragment of similar limestone also forms the conspi- 
'cuous peak known as Sor Koh, west of the recent volcano, Damodim, and rests 
conformably upon a great accumulation of volcanic strata. All these rocks are 
profusely injected with basalt*. Eoh-i-Humai (Koh-i-Reszai), north of Tozgi, 
consists of large masses of ^‘Hippuritic’’ limestone, not less than 300 feet 
thick, resting upon a series of shales, paggy limestones, calcareous shales, 
arenaceous shales and arenaceous limestones, all frequently containing volcanic 
material. West of Kohi-i-Humai, around the modern volcano of Koh-i-Dalil, 
the older rocks of the nearly horizontal succession consist of flysch and 
limestones of probably Cretaceous age. 

Sind*—The only locality m Sind in which beds of older date than Eocene have 
been indentified is the Laki range. To the south-west of Amri on the Indus, some 
very dark coloured hills form part of the range and contrast strongly with the 
clifts of grey and white Nummulitic limestone behind them*, these dark hills are 
composed of Cretaceous strata, the lowest member of which is exposed only at 
the base of Bor Hill. The Laki range here consists of three parallel ridges, the 
outer and inner of which are made up of the Tertiaries, while the interemediate 
one consists of Cretaceous beds dipping under the Palaeocene westwards and 
thrust up against the Lower Eocene to the east. 

The lowest member of the Cretaceous succession here is a limestone, the lower 
portion of which is pure, compact, light-coloured and homogeneous, while the 
upper is sandy and gritty, often containing ferruginous concretions, and passing 
up into the overlying sandstones. The limestone is fossiliferous and contains 
echinoderms and mollusca, but scarcely any recognisable forms can be extracted 
therefrom. The basal layers have yielded an Orbitoides which Vredenburg iden¬ 
tified with the larger and less swollen Maestrichtian 0. apiculata Schlumb. but which 
Douville has since renamed 0. vredenburgi; the latter authority suggests that it 
plays the same role in India and Tibet as 0. tissoli does in the Mediterranean basin 
and, like the Mediterranean species, indicates the basal Campanian*. A 
little over 300 feet of. this limestone are exposed but its base is not seen, the 

iGen Bep. 1900-01,31. 

*Heiiry Douville Pal Ind., New 6er., Vol. X, Mem. 3,6*7 (1928). 

*E. Vredenburg. Mem., XXXI, 240-250 (1901). 

T. Blanford. Mem., XVH, 33 (1879). 

Ini., New Ser., Vol. V, Mem. 3, 32 (1916). A specimen of Hippuriies is recorded 

from Ihis limestone but Yum Imn lost; nofdrther examples of this genus could be found by 
‘ Vredenburg. 




Chap. XXVI.] the marine obetaoeous and some equivalents 1291 

length of the outcrop being less than half-a-mile. It occupies much the same 
stratigraphical position as the Hemipeneustes Beds of Baluchistan. 

The upper gritty layers of the limestone just described pass up into sandstones, 
conglomerates, dark gritty limestones, and ferruginous bands, all weathering 
to a very dark colour, and capped by a thick bed of dark impure limestone con¬ 
taining ill-preserved oyster shells and occasionally large bones, apparently of 
reptiles. In one place a 40-feet bed of basalt is seen interbedded in the sandstones, 
but may be an intrusion. This stage, with a total thickness of about 800 feet, 
corresponds to the Fab Sandstone and passes up into the overlying subdivision. 

The upper stage consists of about 500 feet, of soft olive shales and fine sand¬ 
stones, the latter thin and containing volcanic matter: rarely, thin layers of dark 
olive or d^ab impure limestone are seen. The shales commonly contain gypsum 
and many fossils, the latter principally in two bands separated from each other 
by 100 feet of barren starta. Most of the fossils come from the lower band, where 
the type fossil, Cardita {Venericardia) beaumonti is found in hundreds, in excellent 
preservation and often with the valves united. In addition are well presetved 
specimens, most of them from Jakhmari, of the following corals and echinoids:^ 

Anthozoa— 

Caryophyllia campreaaa Duno., 

„ indiea Duno., 

„ fiddeni Dune., 

Trochocyathua lahii Duno., 

Smilotrochua jakhmari Duno., 

„ hlanfordi Duno., 

Styhphora sp., 

Calamophyllia {RhabdophylUa) barkii (Duno.), 

Liiharaea pithecata Duno., 

„ „ var. hemiaphaerica Dun 3. 

Eohinoidea— 

Cidaria lacrymula Duno. & 81., 

Pleaiolampaa eUmgata Duno. A 81., 

Echinanihua pumilua Dune. A 81. (a variety of this species has been recognised in the 
^ Messtriohtian of*Oman), 

Linthia aindenaia Dune. & 81. 

% 

In addition there occur two common forms of Ostraea, one of them a very 
abundant species identified as 0, (Liostraea) orientalis Douv., the other as 0, 
prejlemingi Douv., Lima cf. obliquistriata, Forb. (an Ariyalur species), Crassatellites 
austriaca (Zitt.) (found in the Olive Shales of Baluchistan, in the Gosau of Saxony 
in the Danian of’Oman and Persia, and in the Palseocene of Sind), C. macrodonta 
(Sow.) (an Ariyalur and Gosau species), Callista (Callistina nuttalli Douv., Cytherea 
(Caryatis) abbreviaia Douv., Cardita {Venericardia) vredenburgi Douv. (a mutation 
of the commoner C. (F.) beaumonti), Pholadomya halaensis d’Arch., Cardium 
inaequiconvexum Yred. (closely related to the Olive Shales species OS. loralaiense)^ 
Coralliophaga (?) indecisa Cossm. & Piss., Cyrena (?) haydeni Vred., Panope 
[Olycmeris] vredenburgi (Cossm. & Piss.), Corbula {Agina) harper d’Arch. & H, 
(found in the youngest of the Baluchistan Cretaceous zones and ranging ujp into 
the Paleepcene; Douvilli classifies the Sind specimens into two v rieties, trigonia 

iPa/. Ind., Ser. Vn & XIV, Vol. 1, Pt. 2, p. 16 (1880). Ibid Pt. 3, p. 7 (1886). 
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wd (6fevt«). Professor Doaville has identified several gastropods,i none of which 
IS very characteristic, 

Gastropoda— 

LiUarifia morgani Douv., 

^iM 38 ifo^[,yaaetna] wuUaUi (Douv.), 

Oiffodei sp,^ 

Cmfusiaeala indica Douv., 

TurrUdla [Meaalia)faaeiata Iam., 

9 , {Haiutator) congregata Douv., 
f» >• nadlingi Douv., 

„ (Torquesia) nuttalU Douv., 

99 (Turrkula) vrederUmrgi Doub., 

OtrUhium {Bdlardia) indicum Douv., 

•f 99 vicinum Douv., 

•• (Bxechoeirsus) graniferwn Douv., 

Otfiihium (Campanile) tnorgani Douv., 

»» 99 breve Douv., 

Terebralia vredenburgi Douv., 

Pdamidea (Pyrazua) atoddardi Hisl., var. curia Douv., 

»f 99 nutialli Douv., 

f> . ( „ ? ) viahnu (Noetl.), 

„ ( „ ? ) (Noetl.), 

Cydomolopa vredenburgi Douv., 

SemUaaaia indieua Douv., 

Cyprceorbia [Bemaya] of. ezpanaua (d’Arch. & H.), 

„ „ globtia Douv., 

AneiUa vetuata (Forb.), (an Ariyalur speoies), 

Paeudoliva robuaia Br. ds Corn., race indica Douv. (forma iypiea found in the Palaeooene 

of France), 

„ eanaliculata Br. & Corn, (forma iypka found in the Palaeocene of France). 
Athleia (Volutocorhia) indica Douv. (common), 

Hemifuaua (Mayeria) noduloaa (Stol.), (an Ariyalur species), 

Heligmoienia cf. molli Douv. (species found in the Sudan and Senegal), 

JBovaaum i ndicum Douv., 

Preatrombua vredenburgi Douv., 

Diptoconua 'legana Douv., 

„ craaaua Douv., 

The following cephalopods are also recorded: 

Nauiiluaforheai d!.Axoh. AH., 

„ blandordi Douv. (closely allied to N. heberti d*Orb. from the Danian of Paris), 
„ mdafieuriauni Douv. (possibly from a post-Danian horizon; resembling the Sind 
Palssocene species N. deluei d’Aroh.), 

„ labeehei d’Aroh. (horizon sonrewhat doubtful), 

Euirephoeeraa aublaevigaium (d’Orb.), var. indica Spengl. (found in the Ariyalur beds of 

Pondicherry). 

In the lower part of the Cardita beaumonti beds there have been found some 
atnphiccBlons crocodilian vertebras said to resemble the Wealden Suchoaaurua. 
Cardita beaumonti itself is extremely abundant in one bed about 200-250 feet 


^Pallnd .9 Hew Ser., Vol. X, Hem. 9, Faso. 2(1929). 
*W. T. Blanford ifefii., XYH, 20 (1979). 
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below the top of the stage, but is not confined to this horizon. Above the olive 
shales with Gardita beaumonti comes a band of Deccan Trap basalt, probably 
intrusive, followed by the Palseocene sandstones and clays in great thickness, 
exposed on the slopes 6f the main range and capped by the Kirthar ( Middle 
Eocene) limestone.^ 

The most striking feature of the Cardita beaumonti fauna in Sind is its definitely 
marine character; in this it contrasts with that of Baluchistan ,where the beds 

2 ear to have been almost brackish. According to Douvilli, the Sind beds 
mg to a slightly higher horizon than the Baluchistan. It will be noticed that 
a large number of the Sind species, especially among the gastropods, are new; 
the Fusidoe are characterised by some rapidiS mutations, involving the creation of 
two new genera 

THE SULAIMAN RANGE. 

The section in the Fort Munro area of the Sulaiman range, west of Dera Ghazi 
Khan, has a general similarity to that seen in the Marri hills and in Jhalawan. 
In the Rakhi gorge, the core of an anticline is occupied by the oldest beds exposed 
near Fort Munro; these consist of dark shales and grey limestones corresponding 
to the Hemipneustes Beds and Olive Shales, of which about 700-1,000 feet are 
visible. From these have been collected*, 

Orbitoidea media d’Arch., 

„ 0 ./. apiculata gohlumb. (probably 0, vredenburgi Douv.), 

Lepidorbitoides sociaUa (Leym.), 

Hoketypua baluehiataTwnaia NcetL, 

Echimnthua grieabachi Noetl., 

Hemipneuatea compreaaua 

Exogyra sp., (probably the Egyptian E, overwegi v. Buch, found also in Europe and in 
the Mflsstriohtian of’Oman,) 

A gastropod which is probably Semiaolarium of the group S. maniliferum (Mich.) from the 
European Gault and S, karapavdenae Stol. from the Ariyalur stage of southern India. 
Species of Natica or Crommium, 

A badly preserved Pyrgulifera [Hautkenia^ comparable to P. atriaia Douv., 

Two specimens of an indeterminate Cardium resembling but not identical with C, JJarmi- 
enae Ncetl. 

In the Rakhi gorge, above the Hemipneustes Beds, come the Pab sandstone 
which here attain a thickness exceeding 2,000 feet and contribute the bulk of 
the section. They are white in colour but weather to a black crust; the extensive 
blackened surfaces of the bedding planes dipping steeply eastwards produce a 
pecliar and characteristic appearance. Most of the sandstones are massive but 
some of the layers show a tendency to become shaly, the result being the dark, 
fiysch-like facies which intrudes itself into so much of the sequence in Baluchistan 
as for instance, the Upper Cretaceous (Pab Sandstone), the Ypresian and Lower 
Lutetian (Ghazij Shales), the Lower Lutetian (Lower Kirthar), and, more especially 
the Oligocene (Nari, Kojak) and Miocene (Gaj, Makran, Murree, etc.). Some of 
the flysch-like layers have yielded the curious pseudo-fucoid impressions known 
under a variety of generic names such as Ttenidium^ CauleTpa^ Phymatoderma, 

iW. T. Blanford. Mem., XVH, 133 (1378). 

*E. Vredenburg. Bee., XXXVI, 251 (1907). Ibid., LXII, 19-20 (1929); collected by 
Mr. E. T. Vaohell and examined by Dr. Cotter. 
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Harlania and Arthrocyphus. Among these are specimens closely resembling: 
Fuchs’ Caulerpa (Phymatoderma) arcuata Schimp. from the Cretaceous jBysch* 
near Florence and an unnamed species figured by Fuchs. ^ In addition to these* 
impressions which, according to Nathorst, may be annelid burrows showing: 
transverse wrinkles cased by rhythmical contractions of the worm, there is am 
excellent example of the markings which have been classified under the Chordo- 
phyceas and are, in the opinion of Nathorst, tracks caused by swimming crustaceans;, 
the specimen in question is almost identical with the track of Crangon mlgari^ 
experimentally obtained by Nathorst.^ Such markings are said by Mr. H. J.- 
Maynard to be abundant at certain zones of the Cretaceous flysch in Sind. From 
talus blocks coming from an unknown horizon in the Fab Sandstone of this area 
Vredenburg has identified Orhitoides minor Schlumb., an abundant foraminifer iik 
the Niniyur stage of southern India, as we have seen. 

Besting upon the Fab sandstones in the Bakhi gorge section are black sand¬ 
stones crowded with fragmentary fossils and full of volcanic material, signalising 
the commencement of the Deccan Trap period. These are succeeded by a lateritic 
layer which is best regarded as the basal member of the Tertiary and underlies 
the Dunghan Limestone; this almost black Alveolina limestone, with later members 
of the Falffiocene-Eocene succession, is arranged in minor ridges along the eastern 
limb of the anticline. The lateritic bed has yielded a few interesting fossils 
which in reality probably belong to the Cretaceous sequence below the junction 
plane of unconformity signalised by the laterite though not visible in any change 
in dip or strike. The fossils appear to have been pseudomorphed by the iron, 
oxide of the laterite, and include: a trilocular fruit with more than one ovule in 
each loculus, axile placentation and suspended seeds; corals belonging to am 
unknown species of Troehosmilia; and the small chambered uncleus of a Nautilus. 

In the more northerly portion of the Sulaiman range known as the Shirani 
hills, older beds make their appearance. Below the Hemipneustes Beds with 
Orhitoides media and a maximum thickness of 1,000 feet, and separated therefrom 
by a wide time gap, are members of the Lower Cretaceous. These comprise the 
thin-bedded, belemnite-bearing Parh limestones (Hauterivian) overlying the 
Belemnite Shales (Valanginian-Hauterivian). In the Toi river, the maximum 
thickness of the Parh limestones and Belemnite Shales together is about 1,500* 
feet® in the Shingu river also these beds are found in full force, but north of this 
point they become gradually thinner until in the Lohara watercourse they" 
are reduced to about 200 feet and in the Zao section absent altogether. 

The beds overlie the massive limestones believed to be Jurassic and consist at 
the base of black shales from which belemnites weather out though not in large 
numbers except from certain horizons. Further up come bands of bluish and 
greenish, thin-bedded limestones, of very uniform thickness and interstratified 
with the shales; near the top the limestone bands, in which belemnites can be* 
seen embedded, become thicker and whiter. The limestones of this Parh stage 
build up a conspicuous ridge parallel to the Takht-i-Sulaiman. The Pab stage 
consists of hard, quartzose sandstones, nearly 1,000 feet thick, bluish white m 
colour, weathering to a warm brown. They are generally thin-bedded and contain 

^Denkschir. d. KaU, AM. d. Wise, tnalih.-^naturw, Classtt Vol. LXII, PL ix, figs, I k 2 
(1895). 

«/6«.,Pl.I,fig.3. 

®T. B. La Touche. Bee., XXVI, 83 (1898): corrected in Bee,, XXXVI, 262 (1907). 
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thin bands of shale, some of which are carbonaceous. Near the base of the sand- 
stones occinr the oil seepages of Moghal Kot. Fossils, mostly sections of bivalves, 
occur sparingly in the basal horizons of this stage, and near the top is a band 
containing an abundance of oysters. The Pab sandstones are capped by 250 feet 
of a very hard, grey, massive limestone, which is the Dunghan Limestone at the 
local base of the Tertiary. In other parts of the range, the Pab Sandstone is 
described as a massive white quartzite separated from overlying Nummulitic 
shales by a band of pseudoconglomeratic limestone—a crush conglomerate— 
precisely similar to that at the top of the Dunghan Limestone in the Marri hills. 

SOUTHERN WAZIRISTAN. 

In the Takki Zam valley, in the eastern part of Southern Waziristan, between 
Kaniguram and Jandola, the Cretaceous occupies a broad belt between the Janjal 
Plant Beds (lJurassic) and the Nummiilitic shales and sandstones*. It consists 
of olive green and dull chocolate-red shales, with harder calcareous bands and 
occasional brown sandstones weathering black. In one section thin partings 
of black limestone and a thick band of reddish brown nodular limestone are 
recorded. At the top of the exposure, near Mandanna Each, are some bright 
purple-red shales and white, gypseous, porcellaneous clays; associated with the 
latter are some hills of black earth of doubtful origin and obscure relationship. 

The olive-green and chocolate-red shales have yielded at certain horizons 
abundant belemnites, of which the commonest are BeUmnites {HibolUes) suhfusi- 
formis Rasp, and its variety, halachistanmais and (Duvalia) dilatatus Blainv., 
two of the most frequent fossils of the Belemnite Beds of Baluchistan; these beds, 
therefore, belong to the Neocomian. In the Waziristan campaign of 1919— 
1920, the discovery of these belemnites was responsible for the rumour that the 
Mahsuds were using stone bullets. The upper bright red and white beds, from 
their striking coloration, have resemblances to part of the Parh stage which they 
probably represent. 

A little further south, in the Shahur gorge, the lower beds are described by 
Coulson as comprising reddish shales and clays with occasional belemnites and 
intercalations of marl, and a stage composed of grey clays and shales with marls, 
sometimes with lignite, and containing abundant belemnites and more than one 
species of the radiolarian genus, Cenosphera,^ Above these beds come firm 
sandstones, gritty and calcareous in places, and perhaps the equivalent of the 
Pab Sandstone; if this correlation should prove correct, there must exist a wide 
gap in age between these and the belemnite bearing beds below. 

In the western half of Southern Waziristan, the lower part of the Cretaceous 
sequence consists of belemnitiferous green shales, cropping out in the Danawat 
valley, and apparently grading down into a stage of black shales with ferruginous 
concretions, obscure plant remains, but no belemnites; these shales are the upper 
part of Stuart’s Janjal Plant, series. The topmost Cretaceous here takes the form 
of massive limestones, giving rise to a very prominent feature and covering a large 
area; they are developed in the Sura Ghar and at Ghat Ghundai, and are thought 
by Coulson* to belong to the Lower division of the Cretaceous system. 

*Gen. Rep. 1901-02,28. 

*M. Stuart. Rec. LIV, 91 (1922). 

»J. Pia. Bee. 72, 72 (1937). 

*Hec. 73,84 (1938). 
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BANNU DISTRICT. 

A short distance southeast of Pezu in the district of Bannu, belemnites of 
the type of Hibolites subfusiformis, accompanied by a Cymatoceras and a few 
crioceratid fragments, have been collected, and indicate the presence at this 
locality of the Belemnite Shales. 

THE SAMANA RANGE, KOHAT. 

Between Eohat and The-l, in the Samana range, the Jurassic limestone of 
SAmana Suk is succeeded by Cretaceous beds which have been subdivided by 
Col. L. M. Davies as follows : 

5. Upper lithographic limestone.150 feet 

4. WlUte quartzitio sandstones, and in places soft olive clays 0—^90 „ 

3. Lower lithographic limestone . . ■ . 150 „ 

2. White quartzitio sandstones, variegated with ferruginous layers, 

• with phosphatised fossil casts in the uppermost 5 or 6 feet 700 „ 

1. Glauconitic sandstone. 30—50 „ 

The glauconitic sandstone is in places crowded with inditerminable belemnites 
and generally marked out by the relatively denser vegetation it carries.It 
appears to be a reduced representative of the Belemnite Shales. This conclusion 
receives unequivocal support from the discovery by Col. L. M. Davies, in a similar 
bed near Thai, thirty miles to the west, of an ammonite related to Holcostephanus 
(Rogersites) astieriantis (d’Orb,) and named by Dr. Spath H, (R,) salinarius 
indicating the Hauterivian sub stage of the Neocomian.^ 

Next come 700 feet or more of white, coarse-grained,’ quartzitic sandstones, 
with red, yellow or purple, ferruginous layers, imparting an ornamental aspect to 
the rocks, For about 200 feet towgrds the middle of the stage, the sandstones 
are massive and flaggy with thin clay partings, and gives origin to a scarp, Near 
the top, the white sandstones merge upwards into about 30 feet of greenish sand¬ 
stone which becomes very coarse and gritty. The uppermost 5 or 6 feet of this 
sandstone, with its large rounded quartz grains, has occasional thin yellow cal¬ 
careous bands, and is often crowded with phosphatic fossil castes which, by their 
dark colour, make the horizon a conspicuous datum line. Glauconite is also found 
here. The fossils are for the most part very badly preserved ; the principal one, 
fragments of which occur in great abundance, is the ammonite Douvilleiceras 
mammiUattm (Schloth.). The following identifications have been made : 

' Eohinoidea*— 

Diacoidea aff. decorata Desor. (the commonest eohinoid; species found in the Albian of 
Firance, the Aptian of other parts of Europe, and the Urgonian of Asturias), 

ConiUua sp., 

A form congeneric with d*Orbigny*s grasanua from the Neooomian .of Isere 

HolaaUr sp. 

Brachiopoda*— 

BhynehaneUa sanuinensia Muir-Wood, 

„ reticuhla Muir-Wood, 

ipal Ind. New Ser., Vol. XXV, Mem. 7,136 (1939). 

*L. M. Davies. Pal, Jnd. New Ser., Vol. XV, Pt. I. p. 6 (1930). 

Pt. V, p. 58 (1930). 

*by Dr. Ethel D. Currie. 

•Miss H. M. Muir-Wood. 
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Braohiopoda (Miss H. M. Muir-Wood)—con/d. 

Terebratula mmanenaia Muir-Wood, 

>» M var., 

„ davieai Muir-Wood, 

Kingena spinuloaa Morr. (an English OauU species), 

„ tumida Muir-Wood, 

Zeilleria sp. 

Lamellibranohiata (Dr. L. R. Cox)—- 

Pecten (s. lat.) cf. heaveri J. Sow. (species ranging from the Upper Gault to the top of the 
Cenomanian in England), 
t, [Neithea] sp., 

Venua (s. lat.) sp., 

Cyprim cf. qmdrata d’Orb. (species found in the Cenomanian of Europe), 

Gastropoda (Dr. L. R. Cox)— 

Trochua (s. lat.) sp., 

Cerithium {Metaceritkium) cf. omatiaaim'um (Desh.) (European species), 

Turritella sp. (related to the Cenomanian T, neptuni Miinst. of Europe), 

Aporrhaia (s. lat.) sp. (recalling the widespread Gault species, A. {p€riaaoptera)parkinaon 
(Mant.) from England), 

Vanikoropaia maaiaiana (d'Orb.) (found in the Cenomanian of France), 

Sitmiaolnrium manilifemm (Mich.) (found in the Albian of France). 

Ammonoidea (Dr. L. F. Spath)— 

Pietdia cf. aalteriawi (d’Orb.) (may be identical with the English species, which has not^been 
found outside the dentahta zone), 

Desmoctraa latklormtlum (Mich.) (found in the Albian of Hazara, and in the Albian and 
Lower Cenomanian of Europe), 

Ckonicama davieai Spath, 

Douvilleiceraa mammilhtufn (Schloth.) (found also in the Albian of Hazara), 

Hyateroceraa sp. (a genus more typical of the Upper than of the Middle Albian), 

Brancoceraa indimm Spath, 

Hamitea of. attenuatna J. Sow. (similar comparable forms found also in the Albian of Hazara, 
the species is a European one, and probably occurs in the Upper Albian of Portuguese 
E. Africa), 

Torneuloeema sp. (comparable forms occur in the Albian of Hazara), 

Protanisoceraa sp. 

The ammonites ate described as having a curiously strong resemblance, in 
matrix and in preservation, to the similarly phosphatised ammonites from the 
mammillatnm bed in Kent; the assemblage of the Samana range, however, is that 
of corresponding deposits in more southern latitudes^ The ammonites point 
definitely to a middle Albian age. This phosphatic fossil band and the white 
quartzitic sandstones beneath it correspond to the upper and large portion of the 
Giumal Sandstone'of Hazara, Attock and the Himalaya, 

Above the fossil band succeed 150 feet of light-coloured flaggy limestones, so 
fine grained and homogeneous in texture as to be often lithographic. There is 
no visible unconformity between the two stages but the change is abrupt and 
according to Col. Davies, the lowest few inches of the limestone sometimes contain 
embedded fossils derived from the beds below with portions of the matrix adhering 
thereto. No indigenous fossils have been recorded. 

The limestone stage described above is in some places separated from another 
very similar one by a thin band of strata which, in the middle of the Samana range, 


•Spath. Pah Jnd. New Ser., Vol. XV, Pt. v. p, 61 (1930). 




}298 


manual of OBOLOOY of INDU and BURMA 



Aomprise 60 feet of white quartzitio sandstones of the same types as stage No. 2 
except that they are often speckled with rnsty spots; in the south of the range 
this st^e includes 20 or 30 feet of the sandstones surmounted by 30-60 feet of 
soft olive clays. 

The upper lithographic limestone is of the same character and thickness as the 
lower, but darker and more massive. In some places the two lithographic lime¬ 
stones are found one above the other, the sandstones and clays of satge 4 being* 
absent. The age of the unfossiliferous succession including the two Lithographic 
Um3stones is not known. Some facies of the Lower Lithographic Limestone 
have been compared with the Parh Limestones of Baluchistan which, must be 
much older. The Lithographic limestone succession may correspond to some 
portion of the Chikkim series of the Himalaya, but this is no more than 
ponjecture. 

THAL, KOHAT. 

An ammonite collected from the mountain of Eadimak, on the western frontier 
,of Kohat near Thai, has been named by Dr. Spath Hohostephanus salimriua, and 
indicates the presence of the Hauterivian in this region^. 

In a people from a conglomerate occurring beneath the ]|?al8eoGene (Ranlkot) 
near Thai, a formaminifer identified by Col. L. M. Davies as Omphalocyelvs maeropora 
^XLam.) has been obtained, proving the existence in the neighbourhood of the 
; Upper Cretaceous (Danian). 

TIRAH. 

North of the Samana range, at the junction of the Khanki and Kandi rivers, the lowest 
'.beds of the Cretaceous are again seen; further north they are faulted against a white 
. quartzitio sandstone. Proceeding in the same direction, Cretaceous beds are seen on the 
. Sampagha (Sanpagha) Pass, where they are almost horizontal. In the IVIastura valley they 
.consist of sharply folded, hard, unfossiliferous limestones, which continue northwards to the 
Arhanga Pass, where they show the same folding. About two-and-a-half miles north of the 
pass, the limestones have yielded numerous fossils, chiefly unidentifiable belmenites and 
brachiopods, including a Terebratula which is probably T, biplicata Sow., var. dutempleam 
Stol.; above them is an 18>inch. band of soft, rotten, bright red, ferruginous sandstone 
containing caste of belemnitee and fragments of other cephalopods. Similar beds have 
been found further north in the Waran valley where the fossils are better preserved and include 
.locally numerous shells of Ostraea, The brachiopods, according to Nestling, are forms typical 
' of the Cenomanian of Europe; amongst them Dr. Cotter identifies a Rkirneh<mella close to 
the Utatur species R, mutua Stol, and Terebratula biplicata. Sow. var. dutempleana btol*. 
From the Maidan valley the Cretaceous rocks extend northwards and are well exposed in the 
narrow defile which stretches for some eight miles from Bagh to Dwatowi (Dw-Toi) in the Bara 
, valley. Throughout this gorge the beds are nearly vertical, but are probably repeated several 
times by the intense folding to which the area has been subjected. The rocks strongly resemble 
-those seen on the Samana range, except that they are much faulted. Three-and-a-half miles 
north of Bagh, the formation is brought into abrupt contact with the crushed red shales and 
grey limestones of the Rhestic. 

THE SALT RANGE AND ITS TRANS-INDUS CONTINUATION. 

In the Salt Range of the Punjab, the Baroch Limestone stage, which appears 
- to be the highest member of the Jurassic present, is succeeded by the Belemnite 
Shales containing a copious fauna of Neocomian belemnites and ammonites. The 
shales, with their dark green to blue-black colour, show a marked contrast to the 
. subjacent light-coloured Jurassic limestones, and are described by Mr. Gee (Private 
^oommunication) as forming a conspicuous band along the upper scrap slopes of 

iQ. J. 0. 8., LXXXIII, 262^ Note 1 (1927); Pal. Ind., New Ser,, Vol. XXV, Mem 1 
. p. 13(1930). ' ’ 

* Mem. J Vm, 103 (1898) 
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the trans’lndus Maidan range. They first appear above the thin Baroch lime- 
.atones in the slopes west of Sakesar in the cis-Indus Salt Bange, and it was from 
.beds in the southern shoulder of this mountain that Professor H. G. Seeley identified, 
among the more abundant of the well preserved fossils, Spondylus subcostulatua 
StoL, 8. calcaratus Forb., Hinnites andurenm Stol. and Lucina (Myrtea) areotina 
Stol., all of these species found in the various stages of the Upper Cretaceous of 
southern India.^ Further to the northwest the beds die out for some miles but 
ireappear in the Tredian hills, attaining a thickness of 150 feet opposite Daud Khel, 
'Where they have been described as resting upon the eroded Jurassic limestones 
^containing species of Nerinea and Rhynchonella {Stolmorhynchia) cf. triobat 
.Ziet.* According to Koken, the section near Daud Ehel is as follows: 

Eocene limestones— 

H»matitic marl of Palaaocene or Eocene age.6—7 feet. 

White sandstone with brown markings . . . . . . 32 ‘ 

Glauconitic and oolitic ferruginous marl with Hoplitps sq . . . . 10 „ 

Yellowish green sandy marls with BdemniUs (Hibolitea) suhfuaiformia Rasp, 
and HopUtea {Neocomitea) neocomienaia d^Orb..32 ,, 

The lowest beds with the lowest Hauterivian zone fossil, Hoplites neocomiensis, a 
form found in the Lochambel beds of the Spiti Shales in the Himalaya, evidently 
^belong to the same levels of the Neocomian as the glauconitic sandston of the 
.Samana range, while the succeeding white sandstone is lithologically not unlike 
the Samana stage 2, which is a white quartzitic sandstone with Albian fossils. 
The hasmatitic marl belongs to the basal Tertiaries (Palaaocene or Eocene) and not 
to the Oardita bemmonti horizon, as Koken surmised; the gap between it and the 
white sandstone below may include the whole or greater part of the Upper Creta¬ 
ceous. A similar reddish layer is found at the base of the Tertiary sequence in 
the eastern part of the Salt Range, where neither Jurassic nor Cretaceous deposits 
are known. There appears to be no definite record *of the finding of Cardita 
bewmonti in either the cis-Indus or trans-Indus Salt Range.» 

One the other side of the Indus, the Belemnite Shales crop out just north of 
Kalabagh and at Kuch. Further west and south, in the Maidan range, they from 
a more or less continuous exposure. In the well known Chichali Pass they include 
sandy shales and argillaceous sandstones at the top and attain a thickness of 
210-240 feet, whilst in the Baroch gorge, west of Mulla Khel, the total thickness 
of the stage is nearly 400 feet. In the latter locality some of the sandstones are 
glauconitic and the basal beds have yielded a few pieces of fossil wood as well as 
cephalopods. Near Makarwal colliery, the beds pitch southwards beneath younger 
HBtrata; they have not been recognised in the Khasor hills but appear to be re¬ 
presented by some thin shales beneath the Tertiaries (Siwaliks) of Shekh Budin 
liill.* 

In the maiden range especially, the beds are highly fossiliferous and 120 species 
•of ammonites and belemnites, largely from these hills but partly from the Daud 
Khel and other localities, have been described by Dr. L F. Spath.® of these 29 

^Rep. Brit. Aaa. LXXII, 604 (1902); also Oeol. Mag., IX, 471 (1902). 

^Oentrtabl.f. Min. etc. (1903), 442. 

•Eec. XLIX, 162 (1918). 

*The section on the Salt Range Cretaceous is based largely on information very kindly 
supplied by Mr. E. R. Gee. 

•Pal. Ind. Now Ser. Vol XXV, Mem. 1 (1939). 
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were new at the time of identification, 48 were more or less doubtful determina¬ 
tions, w.hile only 7 belonged to known forms, the seven known forms were : 


ytoliseoeeraa grttaianum (d’Orb.) (a well known and widespread species with a long range 
from the Infra-Valanginian to its maximam occurrence in the Hauteriviah), 

flolcoatephanus (JRogersitea) aehenhi (Oppel.) (a aone fossil of the uppermost Valanginian) 
Parandicema (?) theodarii (Oppel.), 

Ntohoploaaraa auhmartini (JMallada), 

Bdemnopaia gerardi (Oppel.), 

Hibolitea aubfuaiformia (Rasp.), 

„ piatiUiformia (Blainv.)* 

Among theiess certain determinations are: 

Holcoatephanua of. drumenaia (Sayn) Kilian, 

„ of. perinflatua (Math.), 

„ cf. madagaacarienaia Lem«> 

„ (Bogeraitea) cf. atheratoni (Sharpe), 

Spiticeraa {Negreliceraa) alEF. aubnegrdi Djan«« 

Blanfordiceraa aff. wallichi (Gray), 

„ cf. acuiicoata (Uhlig), 

' „ of. hcehmi (Uhlig), 

„ aff laiidofma (Uhlig), 

Svhthurmannia cf. lorenaia (Lisson), 

Himalayitea of. aeideli (Oppel.), 

Neoeoamoceraa cf. aayni (Simion.), 

Thurmannitea cf. pertranaiena (Sayn), 

„ of. pronecoatatua (Felix), 

Naacom%UaaMplatyeoatatu^Ba.yTi, 

„ cf. taachanenaia (Uhlig), 

,, cf. noriciformia (Hohen.) Uhlig, 


„ aff. neooomiefhaiformia (Hohen) Uhlig, 

„ (?) of. aciopiychua (Uhlig), 

„ {Odontodiacoceraal) of. mfmtanua Uhlig, 

Kilianella cf. pexiptyeha (Uhlig), 

,, (?) {Acanlhodiactta) cf. lamberti (Sayn), 

Saraainella aff. campylotoxa (Uhlig). 

The 29 new species were; 

Piarolytoceraa (?) punjabenae (Folgn.) Spath, 
HoleoaUphanua aalinafiua Spath, 

„ globoaua Spath, 

„ glaucus Spath, 

„ faacigerua Spath, 

„ victoria (Folgn.) Spath, 

„ aMoavia Spath, 

„ paehycydua (Folgn.) Spath, 

,» gaei Spath, 

„ radiatua hpath, 

„ wynnei (Folgn.) Spath, 

Prumkeraa indkum Spath, 

Bubthurmannia media Spath, 

„ paUlla Spath, 

„ Jiaaonioidea Spath, 

f, fdtwort Sjpath, 

„ ifanaiiorta Spath, 
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Subikumannia filoaa Spath, 

99 paeudopunetata Spath, 
jRtiimondieeras (T) aalinarium Spath, 

Neoeosmoceraa hoplophorum (Folgn.) Spath# 

Pfurandiceraa rota Spath, 

Neocomitea aimilia Spath, 

99 (CaUipHnchaceraa ?) paevdovicariva 8paih» 

KiUaneUa aaiatica Spath, 
heaairiei Spath, 

SaraatTieUa whligi Spath, (a fine apeoimen, first described as “ BopUtidaa (Thurfhanfidtea) 
trezanenaia Sayn *’), 

99 chichahnaia (Folgn.) Spath, 

Neohoploceraa baunibergeri (Folgn.) Spath. 

Folgner also records a vertebra of an Ichthyosaurus 9 some fish remains {Stra-' 
j>hodus), Astarte h&rzogi Kranss, Exogyra imbricaia Krsnss, E> off, couloni d’Orb., 
and the gastropod, Pleurctowaria blancheti (d'Orb.), and Spath, Pecten sp. and* 
Pholadomya sp. The fossils show signs of having been rolled and are generally 
much corroded on one side ; some of them appear to have been derived from an 
older horizon. The beds and faunas show marked late ral change, even in short 
distances. The great majority of the fossils come from the basal portion of the 
shales. In analysing the faunas from the different localities. Dr. Spath notes 
that the genus Subthurwannia is confined to the Infra-Valanginian. Blanfordiceras, 
also, is essentially Tithonian and not likely to range high into the Neocomian; 
where not derived, therefore, it is probably confined everywhere to low horizons 
of the Infra-Valanginian. KiUaneUa, Sarasinella and Neohoploceras clearly belong 
to the Middle and Upper Valanginian. As a whole, therefore, the Salt Range 
assemblage ranges from the Infra-Valanginian (Upper Berriasian) to the top of 
the Valanginian ; there are no definite indications of the presence of the Hauterivian. 
The fauna has elements in common with the Sf iti Shaks, some of them at least 
probably derived, and is closely comparable with similar faunas in Madagascar, 
the Crimea and the Mediterranean. The representation of the dififerc nt ammonite 
zones at the principal localities is diagrammatic ally shown by Dr. Spath in the 
following scheme : 


Stages and sub-stages. Zones. Makar- Chichali. Kala- W • Salt Sakefcar. 

wal. bagh. Range. 

+ + + + I 

+ I + 

+ 4* + t 

+ + 

rdoissten .... -f 4- 

Infra-Valanginian . < 

[^ealliatoxdea • . + 

The Belemnite Shales pass up into what Mr. Gee calls the Lumshiwal Sand¬ 
stones, named after the coal mine at Makar wal. These massive sandstonee, 
underlying the coal seam of Makarwal, are well exposed in this locality and have 
furnished a few leaf impressions; one of the intercalated bands of shale has yielded 

0 GSr/64 «2 


. 


Valangi- | 

nian. Middle . roubaudiana 

(Lower . graiianopolitenae 
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8oni3 horny bivalves. In the cis-Indus Salt Bange this stage has been found only 
in the extreme west, i.e., in the northern part of the Tredian hills, opposite Daud 
Khel, where they are 60-75 feet thick and lie between the Beleznnite Shales and 
the basal laterite of the Tertiaries. North of Kalabagh, across the Indus, these 
sandstones appear to be absent, but they are well seen further west in the Chichali 
gorge, varying up to 90 feet in thickness. Southwards in the Maiden range, they 
thicken and in the Baroch gorge noieasure about 330 feet. In the type locality of 
Makarwal, where it includes in its upper part several thin bands of grey and 
somstimes coaly shale, the stage is about 250 feet thick. In general the sand¬ 
stones are light grey, yellow or variegated, felspathic, and medium to^coarse in 
texture, with thin bands of carbonaceous or ferruginous shale. 

AFGHANISTAN. 

Distribation.—Ocetaoeous exposures are widespread over Afghanistan and occupy a 
lai|p;e portion of Afghan-Turkistan. To the west and northwest, beds of this system extend in 
strip-like outorops through the proyinoe of Herat into the northeastern part of the Persian 
province of Khorassan, where all stages from Neooomian to the Exogyra limestone at the top 
/ippear to be present. In the northern and possibly other parts of Afghanistan, there is 
evidence to show that the middle portion of the Cretaceous is missing. The Afghanistan 
succession consists of a thick series of red grits surmounted unoonformably by an overlapping 
fossiliferous limestone of Upper Cretaceous age. • 

Lower Cretaceous.—The Red Qrit series, as the lower division was called by Qriesbach 
at Firaiman near Mashhad, overiies some beds yielding specimens of a Terebrutula which ap¬ 
peared to Hayden to be identical with T. sella Sow., a common Lower Cretaceous form in 
Europe ; those specimens occur in a matrix composed largely of OrhitoliTia, and accompanying 
them Was a fragment of what appeared to be a rudistid, possibly Monopleura.^ Assuming this 
horison to be approximately Barremian in age, the Bod Grit series might date fVom the 
Aptian or a younger horizon. In the neighbourhood of Ishpushta, however, Hayden 
speaks of the plant-bearing Saighan series, probably of Jurassic age, as passing up through 
brown pebble beds into a great thickness of the Bm Grit series, which is here composed of 
i ntensely red rooks, ohiedy grit, pebbly sandstone and conglomerate. It seems possible therefore 
that the Bed Grit series may include in places the lowest stages of the Cretaceous. It has been 
noted in the Chehil and Aokhorak (Khorak) area, in HajarKamard,- in Bamian, in lower Saighan 
and in westorn Afghanistan. In central Saighan it thins out westwards towards the upper 
part of the valley; in Begal and Khargin the Bod Grit series together with almost the whole 
of the Saighan series, has boon removed by denudation before the deposition of the overlying 
Upper Crotzoeous limestone. Hayden records the presence of rudistids in a red calcareous 
bed near the top of the Bed Grit series.. Gypsum layers occur in places. 

Upper Cretaceous.—The Upper Cretaoeous of Afghanistan varies enormously in thickness 
ranging from two or three hundred up to 4,000 feet. It was divided generally by Griosbach 
into two series, a lower of limostonos and earthy shales with foraminifera and l^igoniae, over- 
lying a basal soft grey-green sandstone, and an upper composed of grey coral limestones or 
greenish earthy limestones, both oharaoterised by species of Exogyra, Peden quinquecostata 
and many other fossils.* Exogyra decuaaald Coq. is the most abundant and oharaotoristic fossil 
in the Exogyra limestone, the greater part, of wMch is undoubtedly of Campanian age. 

Between Tashkhurghan and Haibak, the Upper Cretaoeous is about 2,500 feet thick, lying 
with no visible unconformity upon the Bed Grit beds; south of the latter town, however, there 
is a marked unconformity and the beds also are seen to be intruded by many trap dykes. Near 
Tashkhurghan the Exogyra limestones are in places porous and chalky and contain strings 
and nests of dints. The uppermost beds of this area consisting of limestone and shell breccia 
with fossils including a large conspicuous Ostraea, pass under the Tertiaries.* 

In the province df Maimana and in Afghan-Turkistan, the uppermost beds are hard, white 
Bj^tintery limestones, concretionary, earthy limestones, occasionally dolomitic, and ohi& with 
flints; Exogyra is found in all these horizons and Inocsfamus sp. in the ohalk. 


* Ifsfli. XXXIX, 84 (1911). 

* Bee. XIX, 252 (1886). 
•Bee. XX, 19 (1887). 
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Cretaceous rooks occur on both sides of the Hindu Kush, and in great force between- the 
Hindu Kush and Peshawar. Northwards from the Koh-i-Baba and the Hindu Kush to the 
plains of Afghan-Turkistan, the whole area was formerly covered by a sheet of Upper Cretaceous 
limestone deposited unconformably on all older formations. The limestone of the Khyber Pass 
is thought to be the same as the Cretaceous limestone in the Kohat Pass and the Afridi hills 
south of Peshawar. 

From the plain between the Amran range and the Holmand river there crop out at intervals, 
rocks which in the majority of cases consist of the so-called Hippuritic Limestone, a hard, grey, 
fine OTained rock which in many localities has yielded rudistids, corals and other Cretaceous 
fossils in abundance. In places it is much shattered and permeated with intrusions of granite 
and trap,.which have frequently altered it to a crystalline limestone much used for ornamental 
purposes and especially in the construction of shrines, of which the tomb of Ahmed Shah in 
Kandahar is an example.^ The granite ridge containing nearly all the passes from the Argan- 
dab into the Khakriz valley forms a long “ dyke ** in the Hippuritic limestone of the district. 
Below the limestone in the valley north of Kandahar, Oriesbach records the following 
sequence: 

3. Shaly sandstone, largely of trappean material; 

2 . Green and densely red shales, with thin sandstone beds of trappean material; 

1. Coarse, thick conglomerate, made up almost entirely of pebbles of trap, cemented 
together by a trappean but calcareous matrix. 

In the Herat area, the southern half of the Boshakh range, including the peak itself is built 
up of the Hippuritic formation which occupies nearly all the hill ranges of southern and western 
Afghanistan.^ At the Zingatak Pass, whore they are faulted against Paleeozoic rocks, the 
Cretaceous bods are described as containing Hippuritea accompaTiied by badly preserved 
ammonites and bivalves. The Siah Bubak or Paropemisus range is made up of a 
fractured anticline of Jurassic plant bods, but south of the valley Cretaceous rocks appear, 
consisting of chocolate<colourod limestones below, perhaps corresponding to the Red Grit series, 
and grey limestones above. According to Prof. Bouvilld, both contain rudistids, and these 
lamellibranchs arc most mobably the ** Uippurites of early observes. From the lower 
formation, identified as belonging either to the Lower Cenomanian or perhaps even the summit 
of the Vraconnian, come; 

Eoradiolitea of. lyratua Cour. (a form found in the Cenomanian of Lebanon and Egypt), 

A small Sphnarulites recalling ^*Agria **, 

Another small lamolJibranch recalling Apricardia ncetUngi Blankh., a species characteristic 
of the Lower Cenomanian of Lebanon^. 

A large form, grey and therefore quite different in colour from the other fossils, probably 
derived from the Upper Cretaceous “ Coralline limestone with Ilippuritea ** or the zone of 
Inoceraimia balHctis* has been determined as Spheerulitea griesbachi Bouv. (one of tho forms 
confounded under tho general term of Hippuntea) ; it has resemblances to the Cenomanian S, 
foliacetLa, the Upper Turonian S. patera and the Middle Sononian 8, horeauifi Tho limestone 
and shell breccia with the large conspicuous Oatroea found near Tashkhurghan has been recog¬ 
nised also in the Heart neighbourhood.^ Griesbaoh’s specimens from Heart also include a 
largo indeterminate rudistid and probably from another horizon, Eoradiolitea of the group 
lyraiua Conr., as well as Apricardia neotlwigu The Upper Cretaceous occupies a large area 
north of Ei^oi and the Paropamisas range; here white marly limestone, crushed 
against the Jurassic sandstones and grits, contain Inoceramma halticua Bohm, a lamollibranoh 
found in the Senonian of Europe. 

After tho deposition of the Saighan series, northern Afghanistan is believed to have formed 
part of a great land-locked basin in which was accumulated a thick series of conglomerates, 
grits and sandstones, followed by red limestones with rudistids, indicating a gradual reversion 
to marine conditions. 

Of the Cretaceous faunas of Afghanistan our knowledge is very incomplete. In Upper 
Baighan some shaly marls and arenaceous limestones, below the Exogyra limestone, have yielded 
eohinoids, ammonites and a braohiopod, including Cyphoaoma Bp,, Mcraater praeeursor Howe, 
Hoj^Uea sp. and a few fragments of acapikitea, and a Terebratula identical with or very olosely 

1 Mem, XVra, 8,43 (1881). ' 

s Bee. XIX, 63 (1886). 

* O, B. 8oc. giol,, France, 1924, p. 58. 

«(Griesbaoh’s Inoceramua cripai Mant,” See Bee. LVI, 265 (1924). 

i Bee. LVin, 348 (1925). 

«Bee. XX, 19 (1887). 
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mUM to T. semiffloboaa d’Orb. In the limestone above, which is full of Exogyra^ oooar Oryphcea 
futieulant (Lam.) and Pecten guinquecosiatw Sow. Some specimens determined 1^ Mr. H. 8.- 
Bion come from various parts of Afghanistan, from horizons not definitely known; thejr 
areasfoUows.i 

Micrasier prascursor Powe, 

Eerpula of. gordMia Sohloth. (identical with the specimens found in the Ariyalur of southern 
India; species abundant in the uppermost Cretaceous of Europe), 

,, filiformia Sow. (found also in the Ariyalur stage), 

Terebratula (OoncinnUhyria) obeaa Sow. (an Utatur species; found also in the Albian,. 

Cenomanian and Tnronian of Europe), 

„ hipliecUa Sow. (varieties found in the Triohinopoly and Ariyalur stages), 
Inoeertamua baUicua Bohm. (found in the Senonian of Europe, and in the Ariyalur stage), 
Oryphaea veaieutaria (Lam.) (abundant in the Ariyalur and Niniyur stages of B. India ; 
found in the Campanian of Europe, and also in N. America. Algiers, Syria, Asiatio 
Russia and elsewhere), 

Bxogyra decuaaata Coq. (found in the Campanian of Europe), 

„ pilicifera Duj. (found in the Lower Senonian of Europe), 

„ oairaeina Lam. (a widely distributed form, abundant in the Ariyalur stage), 

Peeien quinquecoaitatua Show, (found in the Utatur, Triohinopoly and Ariyalur stages of 8. 

India; ranging in Europe from the Lower Greensand to the Upper Chalk), 

Sjfondylua oa&arcttua (?) Forb. (found in the Triohinopoly stage of S. India), 

Lima {Acetda) Miquiatriata Forb. (found in the Ariyalur stage of S. India), 

Phohdomy'a of. gigatUea Sow. (species found at various horizons ranging from the base of 
the Cenomanian to the top of the Aptian, in Europe and W. Africa, and in the Barremian 
(?) of Oman), 

Odrdium sp. 

With one or two exceptions, these fossils would appear to belong to a fauna of Senonian 
age, most of them indicating the Upper Senonian (Campanian). The chief feature of interest 
In this fauna lies in its strong affinity not only with the Ariyalur stage of southern India but also. 
with the corresponding assemblage in Europe; with respect to the latter, the most striking 
similarity is perhaps shown in the occurrence of the typical Upper Chalk genera, CypKoaovm 
and MicraaUr. 

Some larM oysters collected by Dr. Fox from the western side of the Shorbaly anticline 
are comparable to Exogyra ponderoaa B<nm., a widely distributed Cenomanian species. 

CHINESE TURKISTAN. 

A similar succession to that found in Afghanistan is seen in the Yarkand area of Chinese 
Turkistan, where a series of red sandstones is overlain by coarse, grey, calcareous sandstones 
and chloritic marls, some beds of which are composed almost exclusively of Oryphcea veaieuldrix 
rtiellB, many of them of enormous size. 

RUSSIAN TURKISTAN. 

In Russian Turkistan also the Cretaceous, although showing considerable variation, consists 
where well developed of a great thickness of brightly coloured b^s—inconstant layers of gypeum 
and clay, and more persistent marls, shell limestones, and micaceous and ferruginous sandstone. 
Two horizons are distingmshable, an upper with numerous species of Oatraea and Senonian 
ammonites, and a lower with rudistids, echinoderms and other fossils. In this region, as well as 
in Persia and Bid&rein Island, the Cret^ous is oil-bearing ; in the last named area the supplies 
of petroleum are of considerable imj^rtance. 


EASTERN PERSU. 

The geology of the Persian provinces of Khorassan and Kirman is so closely bound up with 
that of the adjoining countries of Afghanistan and Baluchistan that the three regions can 
scarcely be stuped apart. A brief sketch ofthe first, therefore, will not be out of place, especially 
as so much ofthe investigation has been carried out and published by the Geological Survey of 
India, 

. Cretaceous rocks play an importemt part , in the mountain ranges skirting the northern 
frontiers ofPersia and occupy great ranges in Khorassan. In this province the Upper Cretaceous, 
which is r^resented by some 3,500-4,000 feet of strata, contains many fossils and is apparently 


1 Res. LVX, 260 (1924). 
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divisible into a lower portion with Trigonia and an upper with Inoeertmw (described as /. cripii 
but probably Jf. haUicua). Terdtratula Sedla Sow. has been identified as coming from Firami*ii»^ 
while a locality five miles north of this town has yielded Orbitolina ani a Purina resembUng 
the Cenomanian P. deamoulinaii d*Arch.* 


In eastern Perisa the Cretaceous Hippuritic limestone rests, sometimes with marked un¬ 
conformity/sometim^ with no visible discordance, ujon a series of coloured shales, grits and 
wnglomerates, containing at one horizon plant remains. These coloured beds were found by 

Tipj^r to rest with perfect conformity on brown sandy limestones crowded with belemnitea 
and having a marine fauna of Upper Liassio age.* The plant-bearing beds, which have a 
wide distribution also in northern Persia, are Jurassic and form part of the Saighan series of 
Afghanistan, as perhaps do many of the coloured strata below and above. The sequence 
where fully developed is, in fact, divisible into a lower green grit series, comparable 
in many ways with the Saighan, and an upper corresponding to the Red Grit series of Afi^ianl- 
stan. In Khorassan and perhaps northern Persia, the latter takes the form of a sandstone, 
mostiy reddish brown in colour, often grity and even eonglomoratic, which continues into the 
northern flank of the Hindu Kush and other parts of A^hanistan.* 

Above the Red Grit beds comes the massive Hippuritic Limestone, widely distributed in 
Khorassan and Kirman, forming in the north the prominent upper scarps of the hill ranges, if 
not the hill ranges themselves, and in the south the cores of anticlines. Over most of eastern 
Kirman the Red Grit formation appears to be missing, the Hippuritic Limestone resting directly 
and with decided unconformity on the Jurassic plant beds. Li eastern Persia this unconformity 
is a striking one, and implies a long period of folding and denudation before the widespread and 
marine transgression denoted by the Hippuritic Limestone. 

The principal rock of the Hippuritic Limestone is described as a pink or white, massive 
limestone, but darker varieties occur here and there. Shaly beds are found above and below 
but never in any considerable thickness. The formation is generally fossiliferous, the com¬ 
monest form being llippuritea which in places can be collected in large numbers. Several 
species of Hippuritea and other rudistids are present. Among them the following, coming 
mostly from the locality of Badamu, to the west of Kirman, have been described by Pr^T 
Othmar Kiihn, and merit recording here since many of them may ultimately be found not 
only in Afghanistan but also in Baluchistan.* 


Hippuritea ( Vaccinitea) cJbalmasi Douv. (found in the Santonian-Campanian of Europe), 

•> „ conictis Kiihn (having Sononian affinities), 

„ corharicus Douv, (found in the Coniacian of southern France), 

,9 ,p rmisaeli Douv., var. batnensis Douv. (species found in the Lower 

S.;iitoniu,n of Alg.'.ria), 

99 99 vcaiculoaua Woodw. (found in Asia Minor and in the Campanian of 

Ksypt). „ 

„ „ vre^enburgi Kiihn {Vredenburg^a '*11, goaavienaia Douv.**; an 

abundant species close to the Coniacian JJ, giganteus d*Orb.), 

„ {Orbignya) tipperi Kiihn (resembling the Santonian 11. (6.) toucaai d’Orb. and 

H, (0.) carezi Douv.), 

„ (Hippuritella) comucopiae Defr. (recorded also from Luristan, and from the 
Msestrichtian of Italy and Sicily), 

„ „ groaaouvrei Douv. (found in the Upper Angoumian of France and 

Lebanon). 

„ {Pironaea) persica Yred. (found also on the N. W. margin of the Seistan swamp 

near the Persian-Afghan frontier), 

EoradioUtea cf. lyratus (Conr.) Douv. (badly preserved), 

Itadiolitea (Durania) inermia Douv. (found in the Turonian of Sinai), 

,, „ laevia Douv. (found in the Cenomanian of Syria), 

„ ,, major Kiihn (similar to the European R, (D.) cornupaatoria (Desm.), 

„ {Oaculigera) cl^gi KQhn (genus belonging to the Senonian family of the Lapeir- 
ouseiinss), 

99 99 hippuritiformia Kuhn, 

99 99 magna Kiihn. 

In addition to these rudistids, the following forms have been recorded by Pilgrim, Tipper, 
Bion and Cox: Orbitolina cf. cOTioava, Patellina sp., Hdectypua sp., Pyrina 


^ H. 6. Rac, LVI, 264 (1924). 
• Bee. XXXVI. 314(1907). 
*Eee.Lin, 67(1921). 
*Jf«m.XXni,82(1891). 
«JB<e.LXVI, 161 (1932). 
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vionetti Dosor, SaUnia afF. grasi Cott., species of a new echinoid genus resembling EpwBUfr 
SphaeruUtea sp., Radioliiea (Durania) Bp., Ezogyra of. matheroni, a large Nennea 
'jfirochactaeon of. gigantea Sow. (probably a Senonian fonn)» Trigonia sp., PeBten sp., 
Rnd Tarebratvla aeUa Sow.; Exogyra conica Sow. comes from an older stage north of Baghin. 
The eohinoids, which are all exceptionally large, come from the base of the massive limestone 
and have Cenomanian affinities. Of the rudistids, which are always regarded as of important 
stratigraphical value, one is Cenomanian, two are Turonian, four Senonian, and one Danian, the 
rest being of less certain horizon. The best represented stage, therefore, is undoubtedly the 
Senonian. From the presence of the Msestrichtian Hippurites cornucopias, the Hippuritio 
Limestone of these parts would seem to range beyond the top of the Senonian. 

In Kuhistan the Hippuritic rocks are traversed by dykes of hornblende dolerite. The bill 
ranges of Jamal Bariz, Kuh-i-Shah, Sawaran, and others are made up of a great thickness of 
fragmental yolcanic rooks which rest on the iffippuritio Limestone and are probably of Doccan 
Trap age, dating from some part of the Danian to the beginning of the Eocene. It is probable 
that marine conditions continued during the accumulation of these volcanic rocks. 

The Hippuritic Limestone in Seistan has yielded Hippuritea vrederiburgi, Pironaea persica 
and Chondroaonta bosei Vred., the horizon indicated being Upper Senonian.^ 

All stages of the Cretaceous are apparently represented in southern Persia, including the 
Hippuritio Limestone which is widely distributed. 

In western and southwestern Persia, domes and anticlines of Cretaceous rocks cover a large 
&88^egate area. The Neocomian, Aptian, Albian and Cenomanian are well represented, and 
the Turonian has been identified in a few localities. In several places the Senonian and 
Mastrichtian are well developed, and the presence in Kurdistan of Spondylua rouaulti and a 
Nautilus comparable to Cimonia forbesi may indicate the presence of higher horizons of tho 
Danian. 

The Hippuritic Limestone of western Persia is exceedingly massive, very constant in. 
lithological character, and genrally devoid of fossils other than fragments of Hippuritidee. 
An echinoid stage in western Persia contains the following species identical with or closely 
allied to fossils from Baluchistan: Gyphoaoma apeciale Cott. & Oauth., Pyrina orienialia Cott. & 
Grauth., Hemipneuatea peraicua Cott. & Oauth., Grypkaea ueaicularia Lam., Plicatula hirauta Coq.,. 
Spondylua auoaerratua Douv., Pecten atriatocostatus Goldf., Heleroceras hombyenae Whiteaves. 
The equivalent of Douvirlle’s //. polyplocum (Boem., and Hphenodiacua acutodorsatua Noetl., all 
of them characteristic of the Hemipnoustos Beds except the Plicatula which occurs in the zone 
of Indoceras baluchiatanenae. From about ten miles north of Khanikim come an unusual 
variety of Qryph iea veaicuLaris, resembling specimens from Mazar Drik in Baluchistan, and 
Oatraca aolUeri Coq., the horizon indicated is about Campanian.^ From what has been called the 
Gerithium stage have been collected the following, most of them identical with or close to forma 
i n the Cardita beaumonti bods of Baluchistan: Otnphalocyclua rnacropora Lam., Ghama cf. 
callosa Noetl., Gardita ( Venericardia) subcomplanata d’Arch., G. (F.) beaumonti d’Arch., TurriteUa 
quadricincta Ooldf., and Pyrgulifera [Uautkenia'] atriata Douv.* Two other species of the 
Gerithium bods of Persia, Gerithium stoiixrdi Hisl. and Morgdnia [Vicarya ; Irania'] fuaifor- 
mia (Hisl.), are found in the Inter-trappeans of Bajahmundry, Madras. 


HIMALAYA. 


Saodstone.—Where most fully developed, the Cretaceous of the Himalaya, 
comprises the following sequence : 


Flysoh 

Ghikkim series 
Qiumal Sandstone 


{ Shales • • 

Limestones • 


In the Spiti area of the Punjab, the Spiti Shales of Upper Jurassic age, ir certain 
places such as Giumal (Gieumal), Eibber and Chikkim, pass up by inter-stratifi-^ 
cation into a series of hard, yellow and brown sandstones and quartzites, named, 
after the first mentioned of these three villages. Fossils are comparatively common 


^ Bee. XXXVHI, 223 (1909). 

* G. E. Pilgrim. Bee. XXXI, 45 (1904). 
*Ef0. XXXVI, 183 (1907). 
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in the lower horizons, the most frequent being species of Cardium and Pseudomo^ 
notis. Many bivalves, most of them badly preserved, have been collected near 
Giumal and Chikkim while casts of Stephanoceras and Perisphinctes have been 
found near Kibber and Chikkim.^ 

In the Kumaon portion of the Himalaya the Cretaceous exposures lie mostly 
on the Tibetan side of the boundary, in the province of Ngari Khorsum or Hundes. 
The range forming the watershed between the drainage of the Ganges and Sutlej in 
this region, and over which lead so many easy passes such as the MaRhi La (16,380 
feet), the Shalshal (16,390 feet) and the Balch Dhura (17,590 feet), is composed 
chiefly of strata which, though apparently passing down into the Spiti Shales are 
of an entirely different lithological character and easily differentiated in the field.* 
In this region the Giumal Sandstone, which is well exposed between the Niti Pass 
and the Sutlej in Hundes, and also in the Watershed between the latter river and 
the Laptal drainage, is described as a grey quartz sandstone or siliceous grit 
weathering brown, thin-bedded and alternating with siliceous, greenish grey shales ; 
the upper portion of this series becomes a massive, grey quartz-sandstone or 
quartzite. Fossils are few and ill preserved. 

In Spiti the thickness of the Giumal Sandstone is given as about 300 feet, 
but along the borders of Kumaon it has been estimated by Griesbach to be 1,200- 
1,500 feet. It would appear to correspond to part at least of the Red Grit series 
of Afghanistan. 

Messrs. Heim and Gansser, in their sections of this neighbourhood, estimate 
the total thickness of the Giumal Sandstone at 500-700 metres (1,640—2,300 ft.), 
admitting at the same time that folding and faulting, the lack of a suitable map, 
and the absence of fossils make it uncertain whether the sequence is or is not one of 
continuous deposition. Th ey describe the poorly exposed ba sa 1 part of the Giumals 
as developing gradually from the Spiti Shales and made up of shales with glauco¬ 
nitic and more or less calcarceous sandstones. The upper part of this series gives 
rise to fantastic blocks and peaks, especially north of Laptal; it forms the black 
robks of the imposing peaks west of Sangcha Malla.* At Sangcha Talla the 
following section of the Giumal series is given by Heim and Gansser :— 
d. Upper C! iumal sandstone ; massive, siliceous, greenish, 

with a shaly band 30 nifitres thick, below the middle 160-250 metres (490-820 ft.) 

0 . Greenish shale, reddish to black also in the lower 

part, with layers of sandstone • • • 200 ,, (455 ft.) 

b. Thick-bedded, galuconitic sandstone • • • 80-100 „ (260-330 ft.) 

a. Shale with layers of galuconitic sandstone • • 60-160 „ (165-490 ft.) 

The following foSwsils from the Giumal Sandstone have been determined by 
Dy. A, Spitz* the ammonites have been revised by Dr. Spoth : 

Cardium giumalense Spitz (very common), 

Ostrcea sp., 

Oryphosa aff. hayUi Oucr, (found in the Upor Cretaceous of Angola), 

PecUn sp., 

TeUina cf. strigata Goldf. (found in the Euro^an Chalk), 

„ sp. (closely related to T, heushauseni Mull, from the Lower Senonian of Germar y), 

» Mem, XXXVI, 86 (1904). 

•Ifem. XXIII, 79(1891). 

• Denkachr, d, Schweiz, Naturf, Oaeells,, Bd. LXXIII, Abh. 1,146 (1939). 

«E«J.XLIV, 219(1914). 
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Opia 8p. (a large and ooaiiai3n speshs, found only in oasts which are comparable to 0. 

bieornia Gain, from the Caaom^nian of Germany), 

Paauiomo7K4ia anp&rataa Spits (^ary common; a apaoics with a notable Jarassic facies, 
extraordinarily similar to P, isasiocskito Goapp. from the Oxfordian of Switzerland.) 

The **AviGida aahinaia** of Blanford and Stoliozka.^ 

Area (?) sp. (related to A. aMieri 00%. from the Aptian of Spain), 

CuoiiUxa (?) sp. (one parhaps corresponding to (7. uhligi (see below)), 

UniGardium of. tumidum Briart.-Oorn. (species found in the Lower Planer of Germany), 
Tapaa rochebruni Zitt. (found in the Gosau beds of the Alps), 

PUria[AviG^{1)]a^S.8ianotj6-GruGia Piet.-Camp, (species found in the Valanginian of 
France), 

„ (Oxytoma) sp. (group of P. (0.) inaequivalvia)^ 

Corhia (?) montana Spits, 

Aporrhxia afif. dupiniana I’Orh. (jpacies found in tha Valanginian and Hauterivian of 
France), 

H(^G03teph%nua {R^jeraitea) of. (Sharpe) (loealit^r uniertain; species found In the 

Spiti Shales, the Uitanhage of S. Africa, the Speoton Clay of England and elsewhere). 

. £i/nsalf. xr2ierasisLar.(ap3ci3s found in the Valanginian ofFrance), 

Pafif}pe'’*Pxnopxa**"]o(. arcuata d’Orb. (species found in the Neooomian ofFrance), 

Hoplitea {Parahoplite9) sp. (possibly aoanth oplitid of Lower Albian age, closely related 
to H. {P.) nolxni ^unes, a Freeh form f^m the junction of the Aptian and Gault). 
Dufrancyia (?) sp. (of Aptian age). 

"“n With regard to their age, these beds pass down into the Lochaxnbel stage of 
the Spiti Shales with its rich fauna a stage which there is good reason to believe, 
includes the Lower Valanginian horizon; the lower layers of the diurnal Sandstone, 
therefore, in all probability correspond to the uppermost Valanginian and the 
Hauterivian. Whilst the Rog&rsites is decidedly Neocomian, however, the other 
ammonites indicate a range up to the Albian or at least the basal part thereof. 
It has been suggested that the Rogersites (** Perisphinctes astierianus was 
wrongly labelled and came from the Spiti Shales below, and that the Giumal Sand¬ 
stone includes scarcely more than the Aptian and Albian*; whilst, however, 
there may be some doubt as to the provenance of this ammonite, 
owing to an almost ill^'ribl® labsl^ iq a<»onTnn1<»tnra tbongh 

vague evidence from the bulk of the Giumal assemblage in favour of the view 
that the formation ranges down into the Lower Neocomian. Dr. Spitz remarks 
on the curious absence of the Trigoniae which are so characteristic of the partly 
coeval Uitenhage beds of South and East Africa, and which are found iii the Hazara 
Cretaceous and the Umia group of Cutch. According to this authority, the Giumal 
fauna supports the lithological evidence of a shallowing of the sea after the Spiti 
Shales epoch and, unrelated as it is to that of the Spiti Shales, must have migrated 
from some other region.* 

C3likkim series. —In the Spiti area the highest members of theCretaceous occupy 
A syncline on the summit of Chikkim hill-station, behind the village, and 
are also found in the upper reaches of the Lingti valley above Lilang.* 
They comprise about IGO feet of light grey or white limestone which has 
y ielded a few rare fossils, and an overlying 150 feet of soft, grey, calcareous shales 
which are unfossiliferous and highly folded. In the Kumaon borderland, the 
Gnikkim Limestone is spoken of as marly here and there, but no mention is made 
of any overlying Chikkim Shales. 

‘ Mam., V, 114 (1866); J, A. 8. A, XXXII, 137 (1864). 

• According to Dr. Spath, HadcoaUmkanua (RogeraUea) aatierianua (d*Orb.) is not itself 

found anywhere In India (Pal. Jnd., New Ser.,Vol. XXV,]M[em. l,p. 11 (1939), 

» Cotter Mam., LV, 83-84(1933). 

• Pec., XLIV, 214 (1914). 

• Mem., XXXVI, 86(1904). 




190» 


XZVI.] TBB IIABDIB OBETAOBOUS AMD 8011B BQtnTAlBMTS 

In the Spiti area the limestone has 3 rie]ded a belemnite, fragments of Buiiite$ 
and Inooeramus, and foraminifera of no stratigraphical value among which Dr. 
Spits has identified 

Nodosaria sp. (recalling the groups, aolvlat^i/romis, zippei and annulata), 

CriateUaria sp. (related to C, lituifarmla Beuss, C, lituola Beuss, the Tertiary C» 
rhomboidea Qsjzek, 0. {Robulia) paUrodiacoidea Gutnb. and O, kunkeri Beuss), 

Textularia sp. (one recalling T, baudouiniana d*Orb.), 

Dentalitia sp., 

Olobigerina and others. 

From the same bed to the east of Laptal (Lapthal, Laptel), within the Hundes 
boundary, come : Cucullaea uhligi Spitz, Astarte {Eriphyla?). hundesiana Spitz 
and Belemnopsis aif. gerardi 0pp. From its stratigraphical position above the 
Giumals, the Chikkim series should belong to some part of the Upper Cretaceous— a 
deduction confirmed by the presence of rudistids—and not necessarily to the 
lowest stages thereof, for, although no visible unconformity is recorded in the 
central and western Himalaya, it is to be observed further west in Turkistanand 
Khorassan.^ Dr. Spitz seems to have misinterpreted Griesbach when he remarks 
that the conformity of the Chikkim series with the underlying Giumalk- 
Sandstone has been positively asserted.* The Chikkim series must correspond to 
some portion of the Hippuritic Limestone of these more westerly regions. 

The Flysch.—In Johar, on the Tibetan side of the main Himalayan axis, the 
Cretaceous, like the Trias, undergoes a change and is largely composed of a flysch- 
like succession of sandstones and shales with an inconsiderable proportion of cal¬ 
careous beds. One of the cest exposures of the Flysch is seen on the slopes south 
and southeast of the Balch Dhura heights. In the Chitichun region, the Flysch 
is of great thickness and extent. At a distance the black rocks of the formation 
resemble the Spiti Shales, but are harder and devoid of ammonite concretions. 

According to Heim and Gansser*, von Krafft mistook the topmost beds of 
the Flysch, which are siliceous shales and radiolarian cherts, for tuffs ; with this 
emendation his recorded succession becomes: 


f. Thin-bedded, red and green, siliceous shales and radiolarian cherts, 
passing down into . . •••... 

e. Greenish and grey sandstones, altomatiing with shales, passing 
dow'n into 


d. Hard, black, siliceous shales ..••••• 

o. Brown-weathering, micaceous, somew'hat gritty sandstone in a few' 
thick layers with shaly partings ..•••• 

b, Black, crumbling alum shales. 

J ^(ii) Calcareous and earthy shales, with thin bands of dense," 
somewhat siliceous, greenish grey limestone 

(i) Siliceous shales of an intense terracotta colour, with a few' 
intercalated bands of red homstone and greenish splintery 
I _ shales.^ 

Giumal Sandstone. 


200 feet. 

300 „ 
30 to 40 „ 

10 

200 to 300 „ 

app.100 „ 

400 to 500 „ 


» Griesbach. ifem. ,XXm, 81 (1891). 

•JRec.,XUV, 213 (1914). 

« Dankachr. d. Schwaiz. Natwf, GaaOU. LXXHI, Abh. 1, 211 (1939). 
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Stage “a** is very conspicuous from a distance. Stage is very similar to 
the Spiti Shales but differs in the occurrence therein of &ggy, brown-weathering 
limestones with many calcite veins, and of large ferruginous concretions devoid 
of ammonites; beyond some doubtf^ul traces of belemnites in the shales and fre¬ 
quent plant remains in the limestones, fossils are absent. Stage “e” is very similar 
to the Giumal sandstones but is distinguished therefrom by its abundance of 
“fucoids*’ and indistinct plant remains; this stage passes up into “f”. 

The above section near Balch Dhura, is quoted more as an example of the 
constitution of the Flysch than as a true stratigraphical sequence. The low and 
undisturbed dip does not preclude overthrusting and inversion, and to such distur¬ 
bance, of which the presence of exotic blocks is a witness, are probably due to 
the many anomalous occurrences of the various members of the Flysch. Exotic 
blocks are seen amid the Flysch, and some of the blocks themselves are composed 
of Flysch strata. 

At Sangcha Malla, the Giumals appear to pass up into the Flysch, the thickness, 
of which was found to be 1,000 metres, more than three times von Kjafft’s esti¬ 
mates. Heim and Gansser’s section is as follows :— 

d. Green and red siliceous sandstones and dense 
radiolarian horn-stones, alternating with 

siliceous shales.^00 to 400 metres (985—1,310 ft.) 

c. Predominantly black shales or slates, with 
occasional layers of clay-ironstone, and 
limestone flags with fucoids; in the upper 
part brown sandstone beds passing gradually 

upinto“d**. 500 to 600 „ (1,640-^1,970 ft.y 

b. Reddish purple marly shale, and dense marly 
limestone folded in zigzag; a few foraminifera 
(Globigerinidae and Rotalidae); upper limit 

sharp.about 100 „ (330 ft.) 

a. Oroenishshale, with layers of sandstone, passing 

up into" b'*.about 50 „ (165 ft.) 

The fucoids of “c” (Chondrites intricaturs Brongn.) are regarded as the same as- 
those found in the Upper Cretaceous flysch of the northern Alps. The radio- 
larians (Spumellaria and Nasdlaria) of **d” are filled and partly replaced by a 
bluish green glauconite. The above section is capped by serpentine and other* 
basic igneous rocks, which are believed to have been thrust over the sedimentaries. 
The Flysch with its topmost bed of radiolarian chert was found by Gansser along 
the western shore of Raksas, the western of the two Manasarowar Lakes. 

The basic igneous rocks are probably Cretaceous or post-Cretaceous in age 
and would correspond, therefore, to the Dras Yolcanics of Kashmir. Such a 
conclusion supports the opinion of von Krafft who, from the complete absence of 
nummulites in the Flysch, and from the correlation of the sub-aerial volcanics 
overlying the topmost stage of the Flysch (which he mistook for tufts) with the 
Eocene traps of the Indus valley, decided that the Flysch in its eutirely was of 
Cretaceous age^. From the absence of true tuffs Heim and Ganseer think it, 
probable that the flows and intrusions, which are older than the thrusting, were 
submarine. If so, these two writers suggest that some of the exotic blocks found 
in the igneous suite may represent portions of sedimentary rocks which slipped, 
down from the coast and became embedded in the igneous flows at the bottom 
of a deep sea. That the sea was deep is indicated by the presence of radiloarian 
oozes. Heim and Gansser, in fact, deduce a long calm period towards the end of 
the Cretaceous, and a depth of ocean of at least 5,0(M metres. (16,400 feet\, 
or some 2,730 fathoms). . 


» Mem., xxxn, 176 (1902). 
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Blocs exotiques. —The Balch Dhura heights are made up of masses of black, 
unfossiliferous, alum shales and unfossiliferous sandstones lithologically indisting* 
guishable from Giumal sandstone. These masses may be regarded as exotic 
fragments representing both the Spiti Shales and the Giumal Sandstone.^ 
Sandstone blocks, all apparently of Giumal sandstone, are commoa 
throughout the exotic masses of Malla Johar, but nowhere do they dominate bo 
much as in the Balch Dhura heights, the actual peaks of which are made up of large 
sandstone blocks; the western summit, for instance, is formed by an enormous 
block with particularly bold outlines. The sandstone is described as split up by 
innumerable small faults into angular fragments. The shaly matter in the sand* 
stone often seems to have acted as a lubricant by means of which one block has 
been pushed over another. As a rule, the interestices between the blocks are filled 
with breccia-like matter, composed of shale and small pieces of sandstone. Not 
only is the Flysch recognisable in the material of some of the exotics, but the 
particular horizon or subdivision of the Flysch can frequently be identified—“b'** 
and for example. 

The interesting discovery of exotic blocks in the Flysch to the West and W.S.W^ 
of the manasarowar Lakes, near Jungbwa and the Amlang La, was recently made 
by Herr Gansser*. 


TAL SERIES. 

It has been conjectured that the Upper subdivision of the Tal series occurring 
in the hills below Simla and Chakrata may perhaps belong to the Lower Cretaceoua 
and correspond to the Giumal beds. The Tal series has already been described 
(p.I189). 


HAZARA AND THE BORDERS OF ATTOCK AND RAWALPINDI, 


In Hazara it is not always easy to draw the line between the Spiti Shales and 
the succeeding Giumal Sandstone, the two seriep attaining a combined thicknesa 
of from 200 to 300 feet. In north Hazara most of this succession belongs to the 
Spiti Shales facies, but in the south, out of a thickness of 300 feet, only 10-15 feet, 
of black shaly sandstone and black shale exhibit any lithological resemblance 
thereto. 

In north Hazara, Spiti Shales of typical appearance pass up gradually into 
normal Giumal sandstone, a very characteristic rock of trappoid aspect, dark 
olive green to dark grey in colour but weathering deejdy to brown, and this in its 
turn changes upward rapidly but gradually into a sandy limestone dotted all 
over with black cherty ferruginous patches which are remnants of fossils; the latter 
are most crowded along the top of the rock but are almost impossible to extract. 
By its vivid orange colour this thin calcareous band forms a conspicuous land* 
mark, usually from 6 to 10 feet wide, which is remarkably persistent along the 


» A. von Krafft. Mem., XXXH, 144 (1902). 

•Denkaehr. d. Schweiz, Naturf. Oesells., Bd., LXXIII, Abh. 1, 174 (1939). 
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strike^. The following cephalmods and other fossils, derived ftom several 
localities but most of them f^om Jabri (Jabriyan) on the Haro river, are recorded*: 

T€rebratula hiplieakt Sow., var. dtUempkana d'Orb.. 

Pholodompa of. genevensia Piot< & Boux. 

Turbo of. greaalyanua Plot. & Roux, 

Semiaolarium moniliferum (Mioh.) (found in the Phosphatio zone of Kohat, and the Albian 

of Franoe), 

Eutraphocmaa (Oymatoceraa ?) ep., 

Desmocaraa latidoracUum (Mioh.) (found in the Phosphatio zone of Kohat, the Utaturg of 
S. India, and ranging in Europe from the Lower Albian to the Lower Cenomanian), 
Fuzoaia sp., 

Oleoniceraa sp., juv., 

DouvUhicenaa m'lmmillaturu (Schloth). (found also in the Phosphatio zone of Kohat). 

,, aff. moniie (Sow.), 

Lyelliceraa lyelli (d*Orb.) '\*^Ammonitea mantelli Sow.** of Middlemiss), 

„ paeiidolydli (Par. & Bon.) j 

„ cottnri Spath {^*AfUmjnitea blanfordianua Stol.** of Middlemiss), 

Ratdiniceraa (?) veraicoaiatum (Mioh.), 

Brancoaeraa sp., 

Mojaiaooicaia aff. delamai (d’Orb.), 

,, of. ventanillenaia (Oabb.), 

Oxyiropidoceraa roiaayanutn (d*Orb.) (found in Europe, Persia, Mexioo, Peru, Zululand 

and Angola), 

„ muUifidum (Steinm.), 

„ mirapzlianum (d*Orb.), 

,, aergipenae (White), 

„ aff. chihuahenae (Bdso) (speoies found in Mexioo), 

Dipoloeeraa of. auhinflatum (Piot.), 

„ aff. boucmridanum (d*Orb.), 

„ aff. quadratum Spath, 

Turrilitoidea sp. (hugardianua group), 

Pervir^quieria sp. (of. the Utatur P. aequatoriaHia (Kossm.)), 

Prohyateroceraa sp. juv., 

Hamitea of. attenuatua J. Sow., 

Torneuioceraa spp., 

rtpff. ^lagoiis (u'Orb.), 

„ flexuoaua (d’Orb.), 

„ aff. aablieri (d*Orb.), 

^ Gen. nov. {Aatiericeraa ?) sp. 


From the ridge southeast of Wijjiau (Bijian) has been collected a fauna which 
lias certain peculiarities and unusual elements, including three or four species of a 
new genus (probably of algeritids) ; the rock also is grey instead of the usual orange, 
and may perhaps belong to a slightly difierent horizon*:— 


Butrephoceraa (Oymatoceraa ?) sp., 

Qen. nov,? (Cioatritid) sp., 

Puzoaia sp., 

Bremeoeeraa sp., 

Oxyiropidocertaa of. mirapelianum (d*Orb.), 
IHpoweeraa aff. aubcriatatum (Deluo), 
Prohyateroceraa sp., 

Hamitea of. maximua (J. Sow.), 

Jietahamitea sp., 

Gen. nov. (Algeritidae 7) sp., 

Belemnitea ep, (larger than the usual Gault forms). 


» G. S. Middlemiss. Jfem., XXVI, 32 (1896). 

• L. P. Spath. Pal, Ind., New Ser. Vol. XV, Pt. V, p. 61 (1930); O. de P. Oottar, Bee . 

LIX, 406 (1926). 

• L. F. Spath. Pol. Ind., New Ser., Vol. XV, Pt. V, 61 (1980). 
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Dr. Spath concludes that these Gault faunas of Hazara, first recognised as such 
by Dr. Cotter, are, like that of Kohat, on the whole of Middle. Albian age 
and include only a few forms of the Upper Albian (Pervinquieria and Prohystero- 
ceras) which may be local remnants of denuded beds. The dominant genus in 
Hazara is Lydliceras, a genus which in England is slightly younger than Douvillei^ 
cecas^ the predominant Kohat form. 

Southwards there is a rapid change in the nature of the succession which assumes 
a more calcareous facies. The 10 or 15 feet of black shaly sandstone and shale 
(Spiti Shales) are overlain by a sandstone with thin calcareous beds containing 
Trigonia ventricosa and T. smeei ; it has been classified as part of the Giumal 
aeries but may correspond to the Lochambel stage (Lower Yalanginian) of the Spiti 
Shales. Next come about 60 feet of alternations of this sandstone with a limestone of 
compacted shells, passing up into some 50 feet of the shelly limestone itself, which 
in turn grades up into about 150 feet of buff-coloured, thin-bedded, shaly limestone. 
The whole is capped by a thin ferruginous pisolite which is the lateritic base of 
the Eocene. In the vicinity of Shah-Allah-Ditta (Shaladitta), the Giumsl series 
has yielded : Trigonia ventricosa (an Uitenhage and Umia form), a costate Trigonia 
(2*. costata Park.) and Oryphaea sp. 

In the Margala hill slopes fringing the Potwar plateau to the north, the thinly 
developed Cretaceous beds form a narrow but persistent and conspicuous band 
stretching almost continuously from the western end of the Darabwali spur to the 
Jhelum and folded in among the white Eocene limestones. Wadia records the 
following section in the Darabwali spur :— 


Grey and mottled, flaggy, almost lithographic limestones 'with badly preserved 
fossils.50 to 100 

Bleached calcareous shales crowded with belemnite guards, and containing, 
species of Oryphaea, Corhvla, Inoceramua and Trigonia • • • . . 10 to 15 

Brown and purplish sandstone, quartzitic or calcareous, both types in places 
glauconitic, passing by transition into organge limestones ; fossils consist of a 
few broken cophalopods.30 to 40 

Grey and orange, mottled limestone, with communited shells .... 10- 


100 to 166 


Near Khurram these beds occupy a much wider area and are appreciably 
thicker. The limestones show some degree of brecciation but not so much as the 
succeeding Nummulitic (? Banikot) beds, into which they are described as passing 
gradually upwards^. From some Belemnite beds east of Margala, Dr. Spath haa 
identified an Albian assemblage including forms of Dipoloceras similar to those 
found in other parts of Hazara. From the same parts Wynne records Trigonia 
ventricosa'^. 

In the syiitaxis between Kashmir and Hazara, Wadia records a grey, finely 
laminated, well jointed, unfossiliferous limestone, lying below the Subathu Lime¬ 
stone but separated therefrom, here and there, by pockets of coaly shale. It 
lies unconformably upon either the Trias, the Infra-Trias or the Panjal Yolcanic 
series. It is 400 feet thick and belongs either to the Trias or the Cretaceous—most 
probably the former. It is best developed in the Kotli hills, but occurs restrictedly 
in the Kishehganga valley and the Kafir Khan range. 


1 Mem., LI, 257 (1928). 

» L. F. Spath. Pal. Ind., New Ser., Vol. IX, Mem. 2, 803 (1933). 
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Further west, in Attock, the Cretaceous is represented in the Kala Chitta range, 
amongst some 320 feet of strata which include the Oiumal Sandstone and some 
portion of the Spiti Shales and correspond to a sequence of about 2,000 feet in the 
Samana range of Eohat. As we have seen, the lower 160-200 feet of this band 
Bre thought to belong to the Spiti Shales and have yielded ammonites of that age. 
The upper series of sandstones, shales and limestones varies from place to place. 
The most characteristic rock type is a dark purple or reddish sandstone, the cement¬ 
ing material of which is carbonate of lime : this sandstone is made up of thin 
layers of unusually coarse rounded sand grains which project from the weathered 
surface of the rock and look as if they had been dusted on to a sticky surface'. 
Layers of fragmentary shells and belemnites are characteristic of this rook, the 
shell fragments being highly ferruginous and frequently reduced to mere patches 
of haematite. Other types include: soft, olive-green, well-bedded sandstone, 
occasionally fossiliferous; earthy shale with partings of fossiliferous, calcareous 
caly; ochreous marly limestones, sometimes with fossiliferous layers*. The 
limestones predominate towards the top and correspond presumably to the orange- 
ooloured limestone found in a similar position on the southern parts of Hazara. 
This Mesozoic band is frequently sheared and attenuated within the Kioto or the 
Nummulitic limestones, and is sometimes pinched out altogether. In the Kawa 
Gar (“ Hill of Olives *’), a small range north of the Kala Chitta and south of 
Oampbellpur, the softer beds seem to have been generally sheared away and the 
section is probably inverted. A dark-coloured shell limestone of Cretaceous age 
from this unimposing range takes a hne polish and is fashioned into cups and other 
vessels. Articles of this nature and material have been excavated from the buried 
city of Taxila to the east of Hassan Abdal and are displayed in the Taxila museum. 

The fossils from the Spiti Shale—Giumal Sandstone band of Attock indicate 
the presence of three separate horizons. The lowest, of Argovian age, and the 
middle, Infra-Valanginian ranging perhaps into the base of the Yalanginian 
have already been considered (p. 1173). The highest of the three horizons 
is of Albian age and includes the following^. 

Exogyra arduenntnaia (d’Orb.) (a European form), 

Pecten {Neiihea\ mtockenaie Cox, 

Oxytropidocercks aff. roiaysanum (d’Orb.), 

„ cf. acMtocarirkatum (Shum)., (apecies found in Persia, the United States and 
Zululand), 

Douvilleiceras ep. (*). 

DipaHoceraa sp., including D. cristatum Deluc. (*}, 

Belemnite fragments. 

The ammonites are of Middle Albian age and may indicate immigration from 
the southwest where, in Persia, the Cretaceous succession including the Albian is 
far more continuous than it is in northwestern and northern India. 


PESHAWAR DISTRICT. 

The highest point of Cherat, in the district of Peshawar and west of Attock is 
formed by a limstone which dips very steeply beneath Palaeocene or Lower Eocene 

' E. H. Pasooe. Jlfem., XL* 384 (1920). 

* G. de P. Cotter. Mem., JSV, 84 (1933). 

* Pal. Jnd., Kew Ser., Vol. XX, Mem. 4,30 (1934); Ibid., Mem. 6,19-..21 (1935). 

« L. R. Cox. From Wynne’s ooUeetions bjBtween Ghussa and Maria, and from Bhada Eas 
('«Jnggree *’); L. F. Spath. Pal. Jnd., Hew Ser., Vol. IX, Mem. 2,808 (1988). 
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limestones probably equivalent to the Dunghan, and may, therefore, be of 
Cretaceous age^. The road from Gherat to Mir Kalan for about 2^ miles passes 
duo east along the boundary between the older grey limestone and the Lower Eocene 
Faksocene) with its red beds. Overlain conformably by this grey limestone, 
which is unfossiliferous, are much plicated beds of limestone and calcareous, 
shales, and these in turn rest on hard, light-coloured quartz-sandstone in thick 
beds containing numerous decomposed garnet crystals and becoming in places 
a garnetiferous quartzite. The quartz-sandstone or quartzite rests conformably 
on banded, grey, calcareous shales, some of them carbonaceous and some 
ferruginous, which might represent the Spiti Shales. Below them come grey 
foraminiferal limestones with partings of micaceous shale ; this limestone is in thick 
beds and contains indeterminable corals, foraminifera and small bivalves. 


CHITRAL, WAKHAN AND KASHMIR. 


Chitral. —In the State of Chitral, a little below Drosh, Hayden records a finely 
laminated, schistose limestone, full of comminuted Orhitolina and lying above 
traps which alomst certainly belong to the Paujal Trap® ; its relationships are 
obscured by faulting. So far as is known, the characteristically Cretaceous genus, 
Orbitolina, though found in Afghanistan, is restricted to this corner of India. 
Between Partsan and shoghor, the Cretaceous limestone sequence attains a 
considerable thickness. It is full of hippurites, all belonging to a new species of 
a genus recalling Horiopleura of Aquitaine®; this type is accompanied by another 
rudistid which is probably the Pareradiolites hedini found by Sven Hedin in 
the extreme eastern end of Kashmir and by a Nerinea (cf. N, coqmndi d* Orb.). 

The Cretaceous limestone succession has been traced by Tipper along the edge 
of the river from just below Drosh Fort to the cliffs opposite Suir, where there is a 
more complete section. The limestones are sheared, with the consequent destruction 
of the larger fossils, and the superjacency with the trap is always one of unconfor¬ 
mity ; the junction with overlying beds is generally obscured by river alluvium. 
Orhitolina occurs in the more shaly bands. One of these foraminifera from Re¬ 
shun has the conical form of 0. bulgarica Prev.; it has been identified as such 
by H. Douville and is the same as the type collected by Sven Hedin in south¬ 
western Tibet. 

The fossiliferous Cretaceous beds do not appear to continue along the strike 
either northeast or southwest^. Southeast of Buni, they are associated with 
Tertiary beds. From the Chamarkand Pass to the camping ground of that name, 
the Orhitolina limestone with some trap beds, abutting on a mass of granite, are 
exposed and from a continuation of that seen in Gilgit territory to the east. In 
calcareous shales of Cretaceous age near Partsan, realgar occurs as scattered, 
particles®. The chief arsenic ore of Chitral is orpiment and is found close to a 
band of basic intrusive rock in calcareous shales associated with marble in 
several localities®. 


& C. L. Griesbaoh. Bee. XXV, 96 (1892). 

• H. H. Hyden. JBec., XLV, 279 (1916). 

• H. Douvilld. 0. B. Soo. g4ol. Frauoe, p. 69 (1924), 
« Gen. Rep., Bee., LVI, 47 (1924), 

• Gen. Rep. Bee., LV, 13-14 (1923). ] 

• Bee., LXX, 344 (1936). . 
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B trill Gorge.—So far the Qiumal facies of the Cretaceous has escaped 
recognition in Kashmir^ In. the centre of this State, on the east side of the Burzil 
(Dorikoon) Pass, about halfway between Ourais and Astor, some dark-coloured 
calcareous shales are found containing abundant Orbitolinae, often in the loim of 
oasts. One of these is referred by Professor Douvill4 to 0. hulganoa^ and 
another to what is probably nothing more thai^ its microspheric form, 0. disco* 
idea. The horizon indicated is the Upper Barremian^. 

Dras Volcanic Series. —From Oheohri Kadal a s 3 molinal outlier of volcanic 
rocks, inverted in places, extends southeastwards across the Burzil river, through 
DGnimarg to Dras and beyond, the outcrop widening sometimes to ten miles. 
The western part of this befb has been described by D. N. Wadia®, the eastern 
portion was mapped by Middlemiss and has been described by De Terra*. For 
much of its length it lies between the hornblende granite of the Chhota Deosai 
(Ohonche Barchah) valley to the northeast and the Salkhalas of the Eishenganga 
to the southwest; on the latter rocks the volcanics rest unconformably. Before 
reaching Dras, the outcrop of these volcanics comes into contact along its southern 
boundary with the Upper Triassic limestones of Pindras and Matayan, against 
which it is in places faulted. This belt designated by De Terra the Dras Volcanics, 
cuts obliquely across the Great Himalaya, which here has dwindled in altitude 
to 18,000 feet, and in its wider parts is characterised by a complicated series of 
isoclinal folds and inversions. In it occurs an interesting and intimate association 
of marine sediments with volcanic, pyroclastic, hypabyssal and plutonic rocks. At 
Dras, Dr. De Terra records intrusive phases in the form of masses of gabbro, 
pyroxenite, peridotite and serpentine, and Wadia found dykes, sills and bosses of 
similar ultrabasic rocks penetrating the perfectly stratified tuffs, ash-beds and trap 
flows further west. The whole series has been further injected by hornblende 
granite, varying from thin veins to bosses several miles across. Since the volcanic 
rocks in Dras, some fifty miles east of the Burzil Pass, were found by Middlemiss 
to contain thin limestones carrying Dictyoconoidcs, Alveolim and Eocene 
gastropods, the volcanics themselves must be partly of Eocene age, unless it is 
assumed that strips of Eocene (? Falaeocene) have been folded up with them. In any 
ease, it seems highly probable that the granite, and perhaps some at least of the 
basic intrusions, are of Eocene or possibly even later age. De Terra concludes that 
the activity represented by the Dras Volcanics began at the end of the Cretaceous 
and extended into the Eocene period, this would make them co-eval with the Deccan 
Trap. Wadia describes the country as bleak and black, deeply dissected, unin¬ 
habited and forest-less. 

The bulk of the belt consists of pyroclastic material, which takes the form of 
thousands of feet of purple and green, laminated, shaly ash-beds, slates, coarse, 
gritty and siliceous tuffs, agglomeratic slates and conglomeratic agglomerates. 
There are subordinate lava flows of amygdaloidal augite-andesite or basalt which,, 
like the older Panjal trap, is chloritised and epidotised but, unlike it, is distin¬ 
guished by silicified ban& of bright crimson chert or jasper. At intervals in the 
finegrained ash-beds are nests, lenses and interbedded layers of foraminifer^l or 
coral limestone, usually an unaltered white or grey rock varying from pockets only 
a few feet across to evenly bedded masses over a hundred feet thick. The agglomera¬ 
tic slates and sandy beds cover a wide area and contain stray fragments of fossils 
and carbonised leaf impressions. They are described by Wadia as indistinguish- 

iJ?«c.,LVIII,349 (1926). 

» Rec.. LXXII, 161 161 (1937). 

< Jfem. Connect Acad., Vni, Art, II, 64 66 (1936). 
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able from similar members of the Panjai Voloanio suite, having a matrix opposed 
chiefly of devitrified glass with a few crystalline particles. De Tena, on the other 
hand, finds little resemblance between the tuflEaceous, unfossiliferousj, purpel 
and bright green shales of Dras, and the greyish Agglomeratic Slate of the older 
suite. 

The conglomeratic agglomerate forms rudely stratified beds nearly 1,000 feet 
thick, of rounded and sub-angular pebbles and boulders from a few inches to two 
feet in diameter and composed of six or seven varieties of rock, embedded in a 
copious matrix which, Wadia states, is either of lava showing fluxion lines, or of 
bedded tuff or sandy sediment. The larger sub*angular boulders and the sillier 
well-rounded boulders and pebbles are made up of the following t^es: variously 
coloured felspar porphyries; Cretaceous trap; hornblende granite; jasper and 
chart; quartzite; slate; and fossiliferous limestone. This member of the succes¬ 
sion is well exposed in the deeply scarred precipices on the south side of the Nagai 
valley, east of Minimarg. This agglomerate, of local and fitful occurrence, grades 
laterally and vertically into either agglomeratic slate or well-bedded lava flows. 

The agglomerates of the Dras area, usually purplish or reddish in colour, axe 
made up of angular fragments of metamorphic rocks such as phyllite, but more 
commonly of tuff, greenstone or shale. The shale of this series is micaceous and 
sandy, and frequently forms beds 200 feet thick in the schist complex ; in Ladakh 
the tuffaceous shale is described as alternating with massive Cretaceous 1^^ 
tones^. The agglomerates and tuffs are cut by dark basic dykes which 
appear to come from the intrusive masses. 

The beds of this belt are remarkably free from the effects of severe pressure 
metamorphism. Wadia notes that many of the shaly beds are without cleavage, 
and the slates, while they posses an oblique cleavage, are free from foliatiOT, 
crystalline structure or phyllitisation. The limestones, even at heights of 
feet, in some cases have preserved their grain and their fossil structures. There 
is also no pronounced contact mtamorphism. The intrusions of co^se delonte 
(some now altered to epidiorites), gabbro and serpentimsed pyroxenite, injected 
in sills or massive stocks along the outer margin of this belt of voloanio iraclm, 
are post-Cretaceous, while the granite may be even younger than the banc, 
intrusions. The pyroxenite, altered to dark green serpentine along an extensive 
system of joints and fissuers, forms a very conspicuous rock-body in this tract. 
The dunite intrusions of Dras carry chromite ore in large irtsible aggregat^. These 
basic intrusions are probably of the same age as the peridotite and dumte dykes, 
sills and masses, recorded in Punch and found intruding Eocene and older rooks*. 


The Dras Volcanics are the result probably of submarine eruptions which 
occurred during a marine submergence at the close of the Cretaceous or during 
the Palflsocene and early Eocene. De Terra's view is that most of the detotal 
material was re-worked and mixed with very fine clastic sediment swept in from 
the crystalline highlands to the north. The first disturbance was an unimportant 
outflow of lava which preceded the deposition of the Senonian JZodioIttw linmtone. 
By Middle Eocene times activity appears to have ceased, for the marls and num- 
mulitic Umstones of that age have been unaffected by the voloamo rocks* 


> Jfem. Cenneel. Atad*t VIII, Art. II, 81 88 (1086). 
ijrm.,LI,2I0(1988). 
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Although the Drae Yolcanics would Appear to oover the period of the Deocan Trap, 
it has been oonvenient to consider them here instead of in the chapter on the 
Deccan Trap, where they rightly belong. 

EinoiL.—Further southeast, on the western slope of the Kargil basin, the 
Upper Cretaceous Flysch has yielded a gastropod fauna of Senonian or 
Haestrichtian ages^, the formation has a basal conglomerate and some of the 
sandstones are current-bedded. The Dras Volcanics of this part of Kashmir 
are likewise of Deccan Trap age, commencing before the end of the Cretaceous and 
extending into the Eocene. 

Odgit.—In Gilgit fragments of OrUtoUna were found by Hayden in a shale 
associated with a bed containing Hippurites. The succession here consists of a 
basal conglomerate, whose pebbles are composed chiefly of trap, lying upon a^ 
great mass of trap which is oH 3 rpical Panjal character. Above the conglomerate 
comes a calcareous shale with Orbitolina, next an indurated sandstone, and finally 
an almost vertically dipping rudistid limestone; the rudistids in the latter are 
intensely crushed, sometimes almost completely flattened, and stand out in 
lumps from the weathered surface of the rock. Amongst the fossils collected 
from this bed, Douvill4 has identified a fauna showing marked affinities with 
the Lower Cretaceous (Upper Barremian or Aptian) of Europe (M6sog4e europ4enne) 
as follows*:— 

Iftriwa eofuandi d’Orb. and N. renauni d’Orb. (probably two varietie. of the same epeoiee) 
three ooarle, one recalling Shdbdopkyllia gnuilis d’Orb. from the Turonian of France, another 
recaUing Itattraea reguUuria de Form, from the Neocomian of France, and the third identical 
with Evgyra neoeomtenaw de Form alao from the Neocomian of France. All these fossils are 
assooiated with OtUMina bulgariea and its companion, 0. of. dioeoidea, 

Waksam.—I n Wakhan, the Perisphinetes limestone at the head of the Eekchaki 
Talle7 is overlain by massive limestone, followed by thin-bedded limestone and 
oolite often composed largely of eohinoid spines and fragments and containing at 
the same time badly preserved brachiopods, oysters and calcareous algae. Similar 
beds were noted by Hayden in ^e lulls opposite Ujadbai in the Taghdumbash 
Pamir, at the top of the Pamir Limestone, and were referred provisionally to the 
Oretaceons*. 

T.AnAKw. —In the vicinity of Leh in Ladakh, on the right bank of the Indus, 
some beds assooiated witii rudistid limestones have yielded some badly preserved 
fossils, in cluding the Senonian Cicatrea eoriialia Stol.*, together with a form compare 
able to VenidiaforbesiafM Stol., Opitoma sp. and ficagmentary radiolitidae belonging 
perhaps to BitadMUet*. 

Tjjxtau Thano.—^F urther northeast, on the lingei Thang phuns, a grey ooli¬ 
tic li«iArt«uc with small oohtio bodies has yielded well preserved specimens of the 
alga, Sphaerocodimn, From the top of a rudistid limestone in the same region 
come Troehotm&ia q>., the bryozoon BeptomvUicami of. imeguktria d’Orb., Badio- 
UlM indiea (Stol.) (a form belonging possibley to the group Badiditea fodionu 
d’Orb.), Badiditea of. peroni (Ohoff.), Badiditea {Durania) cf. artumdi (C!h<^), and 

iH.l>eTma. Jfem. VZn, Art.n,S9(198S). 

t£ee.,Lyin.S80(»S6). 

• 809 (1916). 

• Fanma cells it ** Cfkdna {Baedaiftta) tardUUa Stol “. 

• 0. F. IteoBs. B. Am, lAmtd. Sor. 8, Tol. ZXVI, 68-67 (1917). 
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^fyropleura eenomanensig (d’Orb.); this fauna is presumably Turonian. Another 
limestone shows miliolids (Zacazina, Ouneoltna, etc.) and daoyoladaceous plants 
iJVeo?nerts), Yet another Umestone on these plains is characterised by crinoids 
and fragments of eohinoderms, and by Exogyra ostrcteina (Lam.)» Pecten sp., Hemi^ 
aster sp., and Cdlepora sp. 

From ** Aksaitchan ”, a locality in the eastern parts of the Lingzi Thang plains 
Sven Hedin’s expedition brought back specimens determined by H. DouvilU as 
Vrbitolina canulus and Choffatdla sp. and assigned to the Barremian; a specimen 
to which was given the name of Praeradiolites hedini Douv. indicates the presence 
also of either the Albian or the Cenomainan^. South of this locality Farona 
records a fauna containing Pervinquieria inflata (Sow.) from latitude 34^20'; 
longitude 79®. From the Prega plain the De Filippi expedition has collected 
the following, determined by Stephanini* : 


Heterodiadema Ubycum Dee., var. asiatica Stef, (epeciee found in the Cenomanian of the 

whole of the Tethye area), 

JHplopodia ep., 

Orthopsis ep., 

Jiicropedina diaiponenaU (Forb.) (found in the Cenomanian of Portugal, Algeria and Egypt), 
Pygopyrina puailla Stef., 

HolaaUf marindlii Stef., 

JBamiaater orbignyanua Dee., var. minor Stef, {forma typiea found in the Cenomanian of 

Egypt), 

„ atoUczkai Stef., 


„ gabridia Cott. Per. Gauth. (found in the Cenomanian of Algeria and Paleetine), 
„ amdiae Cott. Per. Gauth. (found in the Cenomanian of Algeria and Pereia), 
Limhia daindlii Stef. 


Chisil Pass.—From a limestone occurring in the valley which extends 
westward from the Chisil pass have been collected: 

Chonia perforata Seg., 

Exogyra cmumba (Lam.) (probably equivalent to the Utatur E. auborHeulata (Lam. Stol). 
„ delettrei Coq. 7, 

,, afrieana Lam., 

Plieatula aureaaenaia Coq.?. 

Peclen verdacMlenaia Forb. (an Utatur epeciee), 

„ cf. puxoaianua Math., 

Modida typiea Forb. (found in the Trichinopoly etage, and in the Goeau Turonian), 
Trigonoarca (?) theveatenaia Coq., 

Trigonoarea of. moutonia d’Orb., 

Aniaoeardia aquilina (Coq.), 

Phoiladomya carantoniana d’Orb., 

„ of. archiaciana d’Orb., 

Liopiatha [Pailomya'] cf. moUi Coq., 

„ „ ligerienaia d’orb., 

Neohentroceraagracillimum{KoBeam.){**Sehloenbaehia graeiUima Koeeam.**;anUtaturfonn)^ 
Pervinquieria infiata (Sow^ (An Utatur epeciee; Stephanini dietinguiehea ** EddoaobaMsh 
infUUa (Sow.)’* and ** Mortonieeraa inflatum (Sow. in Pervinq).” 

Acanthocaraajimboi Perv., 

,, haugi Perv., 

Vaaeoearaa polym/orphum Perv.? 

The same rock in a neighboii^g locality has yielded in addition: Exogyra 
eostata Say. (an Utatur Bpec\ea), *tnoceramus muUiplicatus Stol. (a Trichinopoly 
species). Pinna cf. complanata Stol. (also a Trichinopoly species), Astarte (Eriphyla) 
bntteukim (Goldf.) (also a Trichinopoly species), and Cuspidaria [Neaera] of* 
ddecta (Stol.) (an Utatur species)! This fauna shows a ^eat prevalence of Ceno- 
manianforms. Its chief interest lies in its close affinity with the Utatur of southetn 


A O. E. Soc. gaol. Franca, ^ 59, (1924). 

aSpedisione italiana d6Fili|4»i nell’ Hinudaia, Oaraoorum • Turkestan oinese (191S*14) 
Ser. H, Vol. VI. 
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India, with which it has sue identical or closely allied species in common; three of 
its lamellibranchs and one comparable species are found in the Trichinopoly stage. 

Karakoram Pass.—From a locality near the Karakoram Pass, an Upper 
Senonian to Danian assemblage has been obtained, including: 

Daryderfna «p. 

Carffophyllia areotenais Stol. (An Ariyalur and Niniyur speoiee).. 

Holoeoenia indiea Stol. (a Niniyur speciee), 

Thamnaatrea of. brevipea Stol. (epeoies foimd in the Niniynr Stage), 

Megathyria [Argiope\ eq., 

Rhyncbondla mutua Stol. (An Utatur species), 

„ ariyalurenaia Stol. (An Ariyalur species), 

Tarebratula (Reetithyria) auhdepreaaa Stol. (An ^iyalur species), 

Magdlania [Waldheimia] sp., 

AUctryonia pectinata {Lam.) (A world-wide species found in the Ariyalur stage of S. India 
as well as in the Hemipneustes Bods of Baluchistan), 

„ arcoUnaia Stol. (An Ariyalur species). 

Cardium {Trachycardium) exulana Stol. (An Ariyalur species), 

Pholadomya cf. indiea Noetl. (A species found in the Des valley, Baluchistan). 


Again we find a very close relationship to southern India, this time to the 
Ariyalur and Niniyur stages, the Karakoram rock containing six ariyalur species 
including a Caryophyllia found in both the Ariyalur and Niniyur groups, two other 
Niniyur corals, and an Utatur brachiopod. The same fauna has been collected 
from the ** Ammonite Valley ” of the same neighbourhood which in addition 
yielded the Cenomanian coral, Eupsammia varians Stol. found in the Utatur 
stage of southern India. From this region Stephanini also identifies: Typocidaria 
(1) sp*) Pseudocidaris de Filippii Stef, and Polycyphus nmuenm Stef^ 


SOUTHERN TIBET 

Kampa Dzong region.—The contrast between the Cretaceous and Jurassic of 
southern Tibet is striking in the extreme, the former being mainly calcareous, 
with a large and varied fauna and of very limited distribution, while the older is a 
sparsely fossiliferous system of enormous extent, made up chiefly of arenaceous and 
argillaceous beds. 

From Kampa Dzong to Tuna, there extends a narrow but widening strip of 
Cretaceous, Palseocene and Eocene rocks, to the whole of which the term Kampa 
system has been applied by Sir Henry Hayden*. These rocks occupy a series of 
approximately E.-W., more or less faulted folds, and are well exposed in a cons¬ 
picuous range of hills standing out in the middle of the plain in the neighbourhood 
of Kampa Dzong; good sections are also seen in the hills near Ttina. The system 
has been subdivided as follows; 


16. Dzougbttk shales . 

16. Dsemgbuk limestone 
14. Spondylus shales . 

13. Operoullna limestone 
12. Gastropod limestone 
11. Ferruginous sandstone 


^Eocene. 

I Palfftooene. 


. I 
;} 


* Spediaione italiana de Filippi nell’ Himalaia, Oaraoomme Turkestan oinese (1615*14) 

Sern,Vol.VI. 

* JTem., XXXVl, 161 (1907). 
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rOrey limeBtone with indeterminable eohinoide and*] 

I braohiopods 

10,^ Sandstone, apparently unfosBiliferous 
I Lithothamnium limestones 

jRed sandy limestone.^Danian. 

S.i^Grey limestone .... 

6. Brown limestone, with Omphaloeyelus 

7. Thin^bedded limestone . 

6. fThird Scarp limestone . 

't^haly limestone .... 

5. j Second Scarp limestone 
^ Shales with thin bands of limestone 
First Scrap limestone 
Homiaster shales .... 

Kampa shales .... 

Giri limestone 


4. 

3. 


'T Ui>per Senonian (Cam. 
f panian). 

, vLower Senonian (Em* 
J schorian). 

Turonian. 

Upper Cenomanian. 

? Lower Cretaceous. 


^ member, the Giri limestone, is hard, compact, thin-bedded and 

nnfossiliferous, and overlies the Spiti Shales. 


The Kampa shales comprise brown shaly limestone with brown and black needle 
B^les; through the latter run narrow bands of very hard, splintery concretionary 
limestone. From these beds Prof. Douvill4 has identified the follwings*-: 

AcatUhceeraa newboldi Kossm. (An Utatur species). 

»» (** Mantellicenu ”) laiiclavum Sharpe (variety found in the Utatnr stage). 

»• M diacoidale Kossm. (An Utatur species). 

Turnlitfis coatatus Lam. (An Utatur species). 

93 wieatii Sharpe, 

„ deanoyerai d*Orb. 


The material of the fossils, which are not well preserved, is often replaced to a 
large extent by crystalline silica, usually in the form of bip 3 ^amidal crystals of 
colourless or yellow quartz. The fauna is obviously Cenomanian. 

The following 260 feet of pale grey shale form one of the most conspicuous 
features of the Kampa-Tatsang range. Fossils are rare, but a few well preserved 
echinoids and some lamellibranchs have been collected from the base. The lamelH 
branchs occur chiefly in two narrow calcareous bands composed almost entirely of 
specimens of a small Oryjjihaea ; the only other fossil found in any quantity in this 
bed is an Inoceramus. From these beds, known as the Hemaister shales come : 

Hemiaatar cf. groaafmvrei Gauth., 

,, cf. cenomantnaia Cott., 

Inoeeramua sp., 

Plieoiida (?) radiola Lam., 

Oryphaea veaieuloaa Sow. 


fauna Douvilld suggests a Turonian age, but the indications are not 
^fimte. A narrow calcareous band in similar shales on the western flank of the 
l^mpa ridge has yielded numerous badly preserved specimens of Lithopheums 
{Ltihodomus). , 


In the remainder of the section, which consists chiefly of limestone, the southern 
edge of the outcrop everywhere forms a well marked scrap in which three prominent 
bands are usually noticeable, separated from one another by softer shaly beds; 
one of the most complete sections is to be seen about seven miles east of Kampa 
Dzong in the Kampa-Tatsang range. The First Scarp limestone is a dark splintery 
rook with no determinable fossils; the overlying shales with thin bands of limestone 


* Pal. ind., N«r Ser., Vol. V, Hem. 8.4-i6 (1916). 
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are also practically unfossiliferons, having yielded only a few fragments of lamelli- 
branchs including these of a small Oryphaea. Both limestone and shales may be 
referred provisionally to the Lower Senonian. 

Above the last-mentioned shale, fossils begin to appear in the base of the Second 
Scarp limestone, and a few feet higher up numbers of small Orbitoides make their 
appearance; these gradually become more and more numerous and are an almost 
constant feature of the limestone bands up to the base of the Ferruginous Sand¬ 
stone (No. 11). This part of Tibet, in fact, is described as affording an almost 
unique opportunity for the study of the evolution of Orbitoides nearly from its 
earliest appearance up to the end of the Danian epoch. The rudistids form another 
characteristic element and make their first appearance towards the upper part of the 
Second Scarp limestone; species of Bournonia or Biradiolites range from this 
horizon through the overlying shales into the base of the Third Scarp limestone. 
The top of the latter is characterised by a large Actaeondla and numerous speci¬ 
mens of the large OrypJiaea oesicularis, associated with extremely abundant OrM- 
ioides. According to Douvill4, the Second and Third Scarp limestones with the 
intervening shales correspond to the Campanian or Upper Senonian, which is here 
characterised by the appearance of Orbitoides ; the uppermost horizon of the Third 
Scarp limestone has yielded abundant examples of Orbitoides media, a species 
especially characteristic of the Pjrrenees Dordonian (Maestrichtian). From the 
two limestones and intervening shales come : 

Oibitoidts wredtnJbwrgi Donv. (abundant in the Second Scarp limeetone; closely allied to 
O. tiasoti Schlumb. from the basal Campanian of Tunis; the **0. aptctdoto 
Sohlumb.” of Vredenburg), 

„ madia d’Arch. (Third Scarp limeetone)^, 

Aetawndla eraasa Buj. (Third Scarp limestone; found in the Turonian and Senonian of 
France), 

jRadioUtea {Bournonia or BiradioUtea) haydeni Dout. (Third Scarp limeetone ; found also 

in the Campanian of S. W. Tibet*,) 

9 ^ „ „ iibetiea Douv. (Third Scarp limestone and subjacent 

shales; found also in the Campanian of S. W. 
Tibet (/fcid.)), 

Inoearamua (Endoeoataa) haydeni Douv. (exact horizon unknown but probably the Third 

Scarp limestone), 

lAma sp. (found in the Aciaeonella bed), 

Oryphaea veaieularia (Lam.). 

Above the Third Scrap limestone are some soft, thin-bedded limestones which 
constitute stage (7) and contain casts of echinoids including Holectypus, Echinanthus 
and Pyrina, and of lamellibranchs, principally the so-called Pecten [NeitAea] 
quadrieostatus Sow., thought by some to be specifically indistinguishable from 
P. quinquecosiatus Sow*. These are overlain by a band of brown limestone con¬ 
taining fTemtpneustosp., closely allied to JST.d^ressusNoetl. and to H. persicas 
Cott. Sc Gauth., Pecten quadricostatus Sow., fragments of small brachiopods and 
large numbers of foraminifera, the chief forms being Orbitoides tenuistriata Vred. 
(probably a variety of 0. media d’Arch.) and Omphalocyclus macropora (Lam.)t 
this is Myden’s stage (8). Stage (9) has well marked and easily recognisable 


^ ** (MdUAdea tenuiairata Vred.*' is said to come from the Third Scarp limestone, but 
DouvillS suggests that this may be a mistake (Pol. Jnd., New Set., Vol. V, Mem. 3,33 (1016). 

* 0. B, 8oc, geoL JFranee p. 60 (1004). 

* F. Stolicaka. See Pal. Ind., Ser. VI, VoL m, 438 (1370 71). Nestling’s specimen was 
predetermined as P. fanion (Piect. ft Camp.). 

W« Vredenburg.Pec., XXXVI, 187 (1007). 
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characters and has been divided into three sub-stages, a lower thin-bedded, 
grey limestone, a middle thin-bedded, reddish and arenaceous limestone, and an 
upper limestone containing immense numbers of calcareous algae. The last is 
only a few inches thick ; it and, apparently, certain other bands in the stage are 
composed almost entirely of large spheroidal nullipores belonging probably to the 
genus, Lithoihamnium, This uppermost Lithothamnium limestone is also character¬ 
ised by a species of Lithopkagus apparently identical with L, {Lithodomus) deshayesi 
Dixon from the Calcaire Grossier of the Paris Basin and occurring in considerable 
numbers, by Lepidrobitoides all. socialis (Leym.).(^*Orbitoid€s aff. nnnor Schlumb/'), 
Omphalocyclus macropora (liam.), Echinobrissus sp., Echinanihus, sp.(closely related 
to an undescribed form in the Indoceras zone of Mazar Drik, Baluchistan), Hemip- 
neustes tibeticus Doub., a doubtful Vologesiay Caprina sp. and other lamelli- 
branchs, and the bryozoan, CycloUtes regularis Lcym. The reddish sandy 
limestone contains Pyrina cf. gigantea Noetl., UemipneuHes tiheticuHy Pecten 
quad,ricostatus Sow., Plicatula hirsuta Coq’, Nerinea ganesha Noetl., and 
the final representatives of the genera Plagioptychus and Kingena in the species 
P. tibeticus Douv. and K. heberii d’ Orb. which are apparently found also in the 
grey limestone below ; P. tibeticus has also been collected in S. W. Tibet. 
Resting on the Lithothamnium limestone, stage (10) comprises an unfossili- 
ferous sandstone and a grey limestone with a few echinoids and traces of 
brachiopods. Stages (7), (8), (9) and (10) are assignable to what we arc calling the 
Danian, and represent a continuation of the beds in Persia and Baluchistan 
with Omphalocyclus macropora. From one of the Danian limestones of Kampa 
Dzong comes the alga CymopoUa tibetica Mor. 


The succession from the Third Scrap limestone to stage (10) inclusive has been 
called by Hayden the “Tuna limestone”, since it is well seen near that town^. 
From the base of the Second Scrap limestone to the top of the Tiina limestones 
the aggregate thickness is estimated by Vredenburg to be nearly 600 feet of 
strata which correspond to the Hemipneustes and Carbita subcomplanata beds (Olive 
Shales) of Baluchistan. 


The top of the Tiina limestone is invariably overlain by about 200 feet of coarse 
ferruginous sandstone. This and the three succeeding stages (12), (13) and (14) 
were included by Douville in the Danian, but the allocation has been questioned by 
Vredenburg and Cotter*, whose reasons for assigning stages (12), (13) and (14) to 
the Eocene—or rather to the Palseocene—^as Hayden originally did, will be dis¬ 
cussed under that heading. There remain the unfossiliferous Ferruginous 
sandstones. This might represent the top of the Danian but it seems more logical 
to regard it, as Hayden appears to have done, as the lateritic local base of the 
tertiary. It and the rest of the Kampa system are described in the sequel. 


Some of the calc-schists mapped as Jurassic around Gyantse may include in 
folded patches of Cretaceous. Here, as well as along the shores of the Yaundrok, 
Tso, there are great intrusions of basic igneous rock among the younger Mesozoic 
beds. 


1 J fem., XXXVT, 166 (1907). 

“Tsw., MX, 410-418 (1928). 
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- The Otbitolina Limestone of Oilgit and Ohittal was found again by Hayden 
in the region of the Great Lak^ of ^bet» some two. hundred mileB W. N. W. of 
Lhassa; from Kyatsok, at the northwestern end of the Kya-ring Tso, the best 
presenred fossils are; megalosph^io and miorospherio forms of Orbitolina tibetica 
Cotter, a species closely resembling 0. shihokuensis Yabe & Hanz. and an East 
African species regarded as 0. bu^arica prev^. The age of the beds might be 
Hauterivian or Barremian. 


MOUNT EVEREST AREA. 

To the north of Mount Everest, east of the region just described, the Kampa 
system is developed principally in two overfolded and in places recumbent iso- 
eynclines, with a general dip to the north. The most completes section, includiivg 
the combined Palaeocene, Eocene and Cretaceous, is seen in the more northerly 
syncline which, with both limbs dipping north at from 20® to 40® but afEected by 
minor corrugations, occupies the picturesque and sacred ridge of Tsipri; eastward 
the dip steepens but in the Lo Chu, northeast of Shekar, the fold flattens again 
to a very recumbent isocline.* The general section, including the Tertiary beds, 
is as follows: 


TThiok-bedded grey limestones with abundant AlveoHna and Oper 
1 evUna^ alternating with white, Tery fine-grained, unfossiliferous 
I limestones, some of them massive and some thin-bedded. These 
Eooene and^ beds form a bold scrap and probably represent a Tertiary section 

PalAOoene. f ranging from the Operculina limestone (stage 18) to the Dzongbuk 

^ limestone. / 


"A minor scrap composed of limestones in regular beds of medium 
thickness, at about the middle of which ooourft the iPerruginous 
.Palsoocene and Oreta-< sandstone; these beds appear to correspond to the Gastropod lime« 
oeous. stone <12), the Ferruginous sandstone (11) and stage (10), in a 

general way. 


rGrey flaggy limestones, roughly equivalent to stage (9) or parts thereof. 
I Brown argillaceous limestone in thin regular beds, forming the low 
I scrap rising from the plain, correlating presumably with atage (8). 


Oretaceous 


I A great thickness of unfossiliferous, grey, calcareous shales, eaposed at 
I the eastern end of the ridge; correlating perhaps with some or all of 
J the stages (3) to (7). 


Black and brown fBpUntery shales with large septarian nodules, found at 
the eastern end of the ridge. These have much in common with the 
Kampa shales. 

Grey limestone (? Girl limestone). Massive “Well quartzite*', wanting 
in places. These beds are seen in the northern limb of the fold. 

At Meukbap Me aud tbe Lungcben La in the Taola synoline, which is a stmo- 
tufal eontihuation westwards of the Tdpri fold, there is a passage downwardafrom 
the Oretaceous into the Jurassic shales, through shaly limestones. Around Shekar 
in the Tsipri synoline the beds are sheared and diattered to some extent and veined 
withoalciW; in the Lo Ohu shaly partings between the limejstones have been seri* 
oiturid..\ ■ 

Al<i^ the more southerly of the twojsynohnes tha Fhnng Ohu, the main riyef of 
Ihe r^^un, hasviSl^, and in the westerly qontinutioii of th^'leld 
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'the Hen Ohn, a freedei of the Phiu^ Ohn, has done the same. The dips m the eou- 
i)hein syncline are steeper than they are in the northern, and from Tingri eastwards 
the southern limb is comparatively regular, the '‘Wall quartzite^’ standing up 
conspicuously along the valley about 120 feet thick; the northern limb is for a few 
miles affected by a strike faidt. 

Between the two main synclines described and Mount Everest, in the Pharuk 
district, there are several minor syncline exposures of Cretaceous rocks of great 
irregularity and complexity. In one of these outcrops, between Namda and 
Tashidzom, the “Waif quartzite” and the basal Cretaceous limestones are repeated 
again and again by sharp folds and faults of small throw and characterised by 
calcite-veining and brecciation. 

SOUTHVVESTERN TIBET* 

North of the Mana arowar Lakes, around Darchen in the Kailas region, Ganssez 
records the presence of what appears to be a metamorphic facies of the Flysch 
in the form of reddish sandstones, passing to red shales or slates, with chert which 
has a radiolarite aspect^. Among the rocks are masses of serpentine enclosing blocks 
of massive dolomite, the whole recalling the Flysch of the Amlang La and Kiogarh. 
Northwards the beds pass into grey-brown phyllites, fine calcereous schists and 
brown sandy slates which also contain serpentine rocks, and a 60-foot band of 
limestone; the serpentine gradually disappears further north. 

From a locality south of Jiachen (“Dschiatschan” ; 31°20'; 81°30'), sixty or 
seventy miles north of the Manasarowar Lakes, the expedition of Sven Hedin 
l)ro,ught back specimens recognised by H. I)ouvill4 as OrbitoUna bulgarica Prev. 
and 0. cf. discoidea and signifying an Upper Barremian age.® At a considerable 
distance further east, at Pati Bo, Gobrang, southeast of Lhung Nak (31®50'; about 
86®) this OrbitoUna limestone was'again found and yielded the same two fossils 
here the Albian is also represented by OrbitoUna subconcava, 

BURMA. 

Arakan Yoma.—The occurrence of Cretaceous rocks on the east side of the Bay 
of Bengal was first established in 1872 by the discovery near Ma-i (Theobald’s 
“ Mai-i”) in the northern part of the Sandoway district, of a specimen of the 
Upper Albian (Vraconnian) ammonite then called ^^Schoenbachia injlata (Sb^.)”,* 
but now known as Peroinquieria injlata (Sow.), evidently weathered out from a 
deposit of shale. The heterogeneous assembling which Theobald included in 
his “ Axial Group ” includes shales which have yielded some moderately well 
preserved Cardita which Mr. Tipper has identified as Cardita (Venericardia) 
beaumontS d’Arch. and some poorly preserved gastropods including Turritella.* In 
.addition rocks mapped doubtfully as Cretaceous by Theobald extend down the 
western fiank of the Arakan Yoma from Kyaukphyu for some 95 miles to a point 
•on the ooast about thirty-five miles south of Sandoway. These Cretaceous strata 
4kre composed chiefly of shales with one or two intercalations of argillaceous lime« 
stone, in places reduced to flat concretions, and a greyish earthy sandstone which 
US sometimes pisolitic. 

* 0, B. Soe. ^jnraiue p. SP. (1924). 

811 (1878). 

•«JIw.,Z:SXV, 119 (1907). 88a 
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Oup geological knowledge of the Arakan Yoma of Burma is very incomplete ► 
Its southerly end was cursorily surveyed during the la te’ 60*s of the last century bjr 
Theobald who differentated a central core, whose outcrop is mapped as terminating 
southwards in a point about sixteen miles west of the Irrawaddy at Prome, under 
the name of ** Axial Group The term was originally proposed for the whole of 
the more altered rocks which occupy the main Arakan range but was subsequently 
restricted to the older portion of the succession at that time considered to be 
Triassio in age, the term Negrais being applied to the younger portion. The 
question of the age of these beds has been recently dealt with in some detail by 
Dr, Cotter^ and Mr. Clegg® By Theobald the Axials were subdivided as follows t. 

feet. 




*(e) Sandstones, etc. 


147 



(d) Shales and sandstones 


. 2,197 


•1 

(c) Freckled grits, etc. 


. 1,365 



(6) “ Halobia limestone **, shales, etc. 

• • 

33 


|^(a) Cardita shales . • • • 

• • 

. 110 

•• Lower ” 

. 

Shales and sandstone • • 

. minimum. 30*0 




Minimum 4,152 


As, however, it is in all probability from the Cardita shales (a) that the specimens- 
of Cardita heaumonti were obtained, the rest of the sequence is either post-Maestri- 
chtian and probably Tertiary, or is not a true stratigraphical succest'ion. The 

Halobia limestone ” was so-called because it was supposed to have yielded a 
Triassic species of Halobia. If this had been the case, the -Halobia limestone” 
could not have been younger than the Cardita shales, but Mr. Clegg has shown 
good grounds for suspecting that the specimen identified as Halobia was mis-* 
labelled and came from Karenni and not from the Arakan Yoma. 

Most probably the Axial group is a composite one, and it is possible that the bulk 
of it belongs to the Tertiary and is a some what metamorphosed facies of the earlier 
part of that system. Whatever the beds are collectively, they have been mapped by 
Theobald with an outcrop probably under 20 miles wide and a maximum thickness; 
of rather less than 6,000 feet, occupying for a long distance the crest of the range, 
but lying for the most part to the east thereof, and terminating southVards in the 
Than-ni-stream. Its western boundary has not been surveyed in detail but 
probably coincides more or less with the Ga-mon valley, a tributary of the Mai-i; 
here it is in contact partly with the Negrais beds into which it merges, and partly 
with an intervening strip of Nummulitic rooks against which it is probably faulted. 
The dip is mostly high and the folding often reversed and accompained by contor¬ 
tion. The beds have undergone a certain amount of alteration but, except in the 
immediate neighbourhood of the larger serpentine intrusions, not to the extent of 
the production of slates and quartzites. Small veins of quartz are numerous in 
the rocks. 

The so-called lower divisions of Theobald’s group consists of at least 300 feet 
of dark and greenish, flaggy shales, succeeded by a stage of shale and sandstone, 
capped by dark thin-bedded shales with carbonaceous markings. The Cardita 
sh%les (g) belong definitely to the Cretaceous. Stage (6) is composed partly of a 
rubbly limestone and partly of shale and conglomerate. Stage (c) is a very charac¬ 
teristic one, comprising white freekled grits and conglomerates, mostly of no great. 


1 Jfem., LXXU, 21-37 (1938). 
• I t\, 175.195 (1938). 
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-coarseness, and cream-coloured argillaceous sandstones wMcli often bave a sub- 
porcellanous or lithographic aspect. The coarser conglomerates are composed 
mainly of sub-schistose argillaceous rocks, but small white quartz pebbles abound 
in the finer varieties. Some of the sandstones are hard and contain strings of 
•quartz pebbles, sometimes irregularly disseminated sometimes localised in bands. 
From Theobald’s description, certain angular fragments in one of the sandstones, 
some of them nearly a foot in diameter, are of the same origin as the tectonic 
•erratics found by Hayden further north. Stages (d) and (e) call for little comment; 
shales apparently predominate in the lower portions but in the higher horizons the 
balance between shale and sandstone is more even, the uppermost 150 feet consist¬ 
ing of sandstone only, some of it gritty or conglomeratic. 

Speaking of the Axials west of Mindon in Thayetmyo, Mr. II. S. Bion says that 
the group, though separable as a lithological sequence marking special conditions 
of deposition, passes up insensibly into the Numumlitics.^ Here the Axials are. 
characterised throughout by grits ; ashes and shales which are often porcellanous. 
'The grits, though rarely attaining, the character of conglomerate, are often 
coarse and occur throughout the group. Most of them, according to Bion, are 
largely made up of ash, and a striking feature is the presence of pellets of clay 
derived from some pre-existing clay bed. A common type in these beds is a 
dark hardened clay which shivers into small fragments under the hammer. The 
sandstones are described as weathering into spheroids in exactly the same way 
as basalt. Bion’s opinion was that the beds could not have been deposited far 
from their source of origin. From the beds he collected that cast of a Schizaster, 
a doubtful Cardita, some small Corbulae, some gastropod casts, a doubtful am¬ 
monite, and Lithothamnium, In the Pazon Chaung he records the following 
section : 

4. WHite sandstone; 

.5. Clays with fossils (small Corbulae), gastropod casts, the doubtful Cardita, and a small 
doubtful ammonite; 

2. Limestone and calcareous conglomerate with LlihotJiarnnium ; 

1. Massive conglomerates, grits and sandstones. 

Farther north, in the Minbu district, the Axial group is broadly represented 
hy the Chin Shales. To what extent the two terms are synonymous further work 
will decide, but the Chin Shales, as defined by Noetling, include at least 227 feet 
probably 500 feet,of beds which Theobald grouped with the Nummulitic. Marching 
from the Irrawaddy, Hayden found that the Chin Shales began about one-and-a- 
half miles west of Shauktaung continued without interruption to Won, and were 
well exposed in the Man Chaung, one-and-a-quarter miles west of this village®. 
Broken-backed anticlines are very common in this area, the rocks being greatly 
•orushed, contorted, overfolded and faulted. The sequence consists of an immense 
thickness of green and purple shales containing enormous, quantities of vein 
quartz. In the degree of alteration and distrubance they have undergone the 
Chin Shales contrast with the Tertiary rocks along their eastern 1)order. 


In the vicinity of a band of quartzite interbedded with the shales, Hayden 
"found numerous strings of quartzite pebbles and boulders, from blocks weighing 
several tons to fragments of an inch or so across, lying along the cleavage planes 


IE. L., G. Clegg, Mem., 72,185486 (1938). 
s Bee., XXIX, 75 (1896). 
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of the shales with their long axes parallel to the cleavage ; they are regarded as 
erratics derived from the quartzite band by the intensive shearing and thrusting: 
which have broken up the latter. 

As in the Axials of the south, serpentine intrusions are found in large masses in 
the shales, and in the Man Chaung west of Won great masses and dykes of intrusive 
grey dolerite are to bo seen. 

The increase in metamorphism shown by the Axials when followed northwards 
is most marked in the Pakokku district and the Pakokku Chin Hills. The rocks 
were named provisionally the Kanpetlet schists by Dr. Cotter who, however,, 
subsequently came to the conclusion that they were but a more highly altered 
facies of the Axial beds.^ One of the commonest types in this latitude is a talc- 
schist containing iron oxide which weathers in bright red hues.^ The rest of tha* 
succession here consists mainly of mica schists, chlorite schists, quartzites, satin* 
shales and blue shaly schists, with vein quartz and steatite veins. These schists 
stretch westwards to the top of Mount Victoria aixd the unnamed peak to the 
west. Eastwards the Kanpetlet schists are gradually replaced by the more normal, 
type of Axial beds. 

Still further north, around Akral, a village northeast of the town of Manipur 
the only rocks difEerentiated from the Disangs by Mr. H. D. Oldham, who doubt¬ 
fully equated the latter with the Axials, were tentatively grouped as Cretaceous 
and contain a limestone identical in every way with the Ma-i-limestone of Sandoway 
but contain no fossils*. The writer found no trace of this limestone furt her n.orth 
in the latitude of Sarameti peak (12,557 feet). Here the monotonous flysch suc¬ 
cession is interrupted by a conglomerate, well seen to the east of Chimi village* 
and containing pebbles of serpentine. The beds on the east side of the conglo¬ 
merate are somewhat more highly metamporphosed and have a more foliated 
habit and a harder texture than the Disang beds to the west and may perhaps 
belong to an older series®. Like the Disangs, the Makwari beds, as the more 
easterly series has been called, consist mainly of argillaceous deposits with occa¬ 
sional arenaceous bands, the only diffenrece being a greater degree of metamor¬ 
phism, most of the beds having taken on a foliated habit and a harder texture.. 
These rocks, especially along their boundary with the Disangs, are characterised 
by serpentine intrusions which are probably of Upper Cretaceous age (see¬ 
page 1325). ♦ 

Fossiliferous Cretaceous in Pakokku.— In the Pakokku district, from a 
loose fossiliferous boulder lying at the junction of the Kyauksit and Kyaw 
Chaungs, Cotter obtained fossils provisionnally identified as Nerinea sp. and 
T^ochalia sp., and indicating an Upper Cretaceous age In the hills further west^ 
two miles northeast of the village of Wabotaung, species of Exogyra and Orhitoides 
were collected from coarse bufi sandstones which probably occur as outliers in 
the Axials. 

Further north, at Yeshin, from an horizon about 180 feet below a bed containing' 
Ranikot (Pal®ocene) fossils, B. B. Gupta has collected and identified a few badly 
preserved fossils of Upper Cretaceous aspect; these are: Orhitoides spiculata 
Schlumb., Cinularia sp., ^udairia sp., Pyrula sp., Dosinia sp., NcUica sp., and a 

» Jfewi., 72, 31 (1938). ~~ 

sjfem., XIX, 223 (1883). 

® E. H. Pasooe, Ree., XLII, 261, (1912). 

® Mem., 72, 32 (1938). 
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Oy^rim&ria possibly identical witb Q. analoga Forb. of the Cretaceous of southern 
India. This fauna, which has resemblances to that of the Hemispneustes Beds of 
Baluchistan, occurs in the basal beds of the Laungshe Shales, which will be more 
fully dealt with under the heading of Falseocene. 

Ramri Island-.— From the Bay of Zinchaung in Bamri Island, which forms part 
of the Kyaukphyu district, a Cretaceous ammonite has been collected by Mr. H. J. 
Davies and identified by Dr. Spath as a species oi Acanihooeras(Mammii€s)\^Ty close 
to a form from the uppermost Utatur described as “ AmmonitiesconcUiaius^tol'* 
Acanthoceras cancilatum (Stol.), which in turn is a near relative of Mammites 
nodosoides (Schloth.), a Lower Turonian species^, the suture line of the Burmese 
specimen also has resemblances to that of Pseudooeras footeanwn (Stol.) from 
the Middle Utatur of southern India. The age of these ^amri rocks, therefore, is 
Turonian, and probably Lower Turonian. The doubtful occurrence of a species 
of Placenticeras of the group Guadaloupae^ from the same island (precise locality 
not recorded) may indicate the presence of younger portions of the Turonian co¬ 
rresponding to the Trichinopoly stage*. This ammonite may prove to be identical 
with or closely related to the Bagh species Placenticeras mintoi Vred. or P. tamuli* 
cum Blanf., from the Trichinopoly stage of southern India ; a similar form has 
been described from beds immediately ov’crlying the Wadhwan Sandstones of 
Kathiawar. 


ANDAMAN AND NICOBAR ISLANDS. 

The rocks of the Andaman Islands are a continuation of those of the Arakan 
Yoma. The structure is that of a disturbed aixticline thrust or overfolded towards 
the west. In spite of this, both sub-aerial and submarine slopes are much steeper 
on the eastern that on the western side. This unexpected feature is thought to 
be due to the presence to the eastwards of a large jiormal fault, in addition to the 
thrust-plane further west; on the line of this fault lie the Recent volcanoes of 
Barren and Narcondam*. The Miocene beds are only slightly disturbed, so that 
the bulk of the earth movement must have ceased before their deposition. 

Among the pre-Tertiary rocks, which sometimes occur as small, scattered inlier 
in the Eocene, are coloured jaspers and quartzites similar to those found in the 
Arakan Yoma and, like them, often intimately associated with intrusions of 
serpentine. From the occurrence of jasper and quartzite pebbles together with 
fragments of surpentine in the Eocene ron|^lomerates, it is probable that the jasper 
and quartzite rocks are pro-tertiary. Their precise age is not yet known, but with 
them occur some pink and white porcellanic limestones which are described as 
similar to the Lower Cretaceous limestones of Baluchistan, presumably tho 
Parh Limestones^. In some of the Islands these limestones are charac¬ 
terised by fragments of algae, probably species of Lithothamninm^, 

In the Nicobar Islands, large tracts on the islands of Tilanchong and Batti 
Malv are occupied by rocks which may be of older Cretaceous age*. 


1 Rec., LXVIII, 416 (1934). 

* Jfem., XXI, 48, footnote 2 (1884). 

* Gen. Rep. Rec.^ XXXV, 48 (1907). 

* G. H. Tipper. Ifem., XXXV, 205-206 (1911). 

* E. R. Gee. Fee., LIX, 223,227 (1926). 

* JM.,229. 
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Ijx Tilanohong they form a narrow, irregular, N.—S. ridge, reaching a height of 
over 1,000 feet in Maharani peak. The limestone on the west coast of this island, 
near Novara Bay, has yielded a Lithothamnium having conceptacles of the type 
of i. suganum. 


PALAEOGEOGRAPHY. 

Although every stage of the Cretaceous is represented in India, no locality 
possesses a complete sequence of the system. The fullest succession is found 
along the Coromandel coast, and embraces beds dating either from the 
Barremian (Upper Neocomian) to the Uower Aptian, and a more or less 
continuous series from the uppermost Albian to the top of the Danian. 
Elsewhere the characteristic feature of the system in India, as in South Africa 
and other parts of the dismembered Gondwana landmass, is the occurrence of odd 
stages here and there of varying age, laid down along the occasionally sub-merged 
fringe of served fragments of the old continent. The Upper Albian and Ceno¬ 
manian transgression seen in southern India seems to have been, in the words of 
Dr. Spath, “ as local as were previous and later transgressional movements’^ 
It is these capricious marine transgressions which make the Cretaceous stages 
in India so extremely variable in nature. Examples of this are seen in the rapid 
lateral changes, and the great variability in thickness. The Belemnite Beds 
in Baluchistan, 500—600 feet of argillaceous deposits, stride no more than the 
middle portion of the Neocomian, while the Giumal Sandstone of Hazara and 
Attock, largely arenaceous as it is and here not more than 300 feet thick, appears 
to include horizons ranging from Upper Yalanginian to Lower Albian. The 
Bagh beds of the Narbada valley, in some places no more than 80 feet, or less 
thick, contain a fauna which includes elements ranging from the Upper Albian 
to the Campanian, a succession which on the Coromandel coast is represented 
by well over 2,000 feet of sediment. It is not to be imagined that a much 
needed revision of many of the Cretaceous surveys will dispel such peculiarities. 

A certain amount of misunderstanding has resulted from comparisons of 
stages of different ages, and it is important to guard against this. 

The water channels which we have visualised in the Jurassic period connect¬ 
ing the Tethys with the Southern Ocean and as separating the island Archi¬ 
pelago of Lemuria as well as the island of Farsia from the African portion of 
the Gondwana landmass, seems to have persisted throughout the Cretaceous. Some 
authorities prefer the view that Lemuria was not completely seperated from Africa 
till the early Tertiary'; at any rate the abundance of the flattened belemnite, 
Duvalia^ in the lowest Cretaceous of Madagascar indicates a direct communication 
between this point and the Mediterranean by way of Portuguese East Africa, in 
the Yalanginian deposits of which the same belemnites are found. Neither Somali - 
land nor the Sinaitic peninsula has yielded any Yalanginian fauna, from which it 
may be inferred that the channels in question lay to the east of these regions ; 
at the same time, these early Cretaceous waters may have extended sufficiently far 
to the west to cover portions of Tanganyika where the Yalanginian, if not actually 
exposed, cannot be far away. The Yalanginian deposits of Portuguese East 
Africa have in common with similar beds in the western Salt Range on the one 
hand the ammonite HopUtes (Neocomites) neefoomiensis, and with the Uitenhag 
adries of Cape Colony on the other hand fragmentary impressions of the type 


' According to Dr. Du Toit, It was in Middle Cretaceous times that the land-mass includ¬ 
ing Madagascar began to move away from the African mainland, with the production of the 
Mozambique channel. 




‘Chap. XXVI.] the marine cbetmjeous and some equivalents 13S1 

Bochianites africanus^. Furthermore, the Uitenhage ammonite Holcostephanus 
{Rogersetis) atherstoni occurs in the Giumal Sandstone and Lochambel beds of the 
Himalaya, and a closely related fcfrm in the terms-Indus Salt Bange. The resem¬ 
blances between the Uitenhage and Umia fauzxas seems to rest largely upon the lame- 
llibranchs, especially the Trigonire and a species of the Uitenhage genus Seebachia 
among the Cutch ammonites ; otherwise, the ammonite faunas of the two regions 
are described as strikingly dissimilar, a result not unexpected in view of the greater 
age of the Cutch assemblage. The converse applies to the scanty lower Cretaceous 
faunas of the Coromandel coast which, omitting one or two Trigoniae of question¬ 
able stratigraphical value, exhibit no particular affinity with the somewhat older 
Uitenhage faunas ; in the Neocomian of Somaliland, however, we find counter parts 
of the Madras-Godavari holcodiscids, as Dr. Spath points out. 

It is unfortunate that there is no extensive set of fresh-water sediments, by 
the contents of which it might have been possible to trace the advent of 
angiospermous plants. Two ferns from the Ahmednagar Sandstone are of 
Wealden age. The Umia beds of Cutch also belong to the lowest hori:ions of 
the period, at the latest, and contain nothing more advanced than the ferns, 
conifers and cycads of the previous Juraassic flora. Some silicified wood and 
a species of fern, trichinopolitcnsisl^eX^im., have been found in 

the Upper Cretacebus deposits of the East coast. Net-veined leaves and 
dicotyledonous wood have been collected from the Barmer Sandstone in Bajputna 
(? Aptian), but no angiospermous plant assemblage worthy of the name of flora 
is found till we come to the Lameta beds which, if not lowest Tertiary, cannot 
bo older than uppermost Cretaceous. 

Although the Uitenhage fauna of Cape Colony, S. W. Madagascar, Portuguese 
East Africa and Kenya, with its scarcity of belemnites and nautili cannot be said 
to show any intimate relationship to the Belemnite Beds of Baluchistan, the 
latter deposits have yielded French species of Duvalia, a genus characterising 
the Valanginian of Madagascar and Portuguese East Africa, as already noted. 
The affinites of the Samana Lower Cretaceous seem to be all with Europe, as 
-are most of those of the Giumal Sandstone. The Hohostephanus of Kohat (Thai 
area) and the trans-Indus Salt Bange is closely related to species found in the Cri¬ 
mea where, as Dr. Spath points out, the Upper Valanginian genus, Roger sites, also 
occurs ; similar species of HoJcostephanm are also seen in the Trigonia sehwartzi 
Beds of Tendaguru in Tanganyika. Amongst the magnificent development of all 
‘Cretaceous stages in Persia, the Valanginian of the south is characterised by 
ammonites from southern France. In Egypt, Palestine, Abyssinia and the northern 
parts of Somaliland, the Lower Cretaceous is represented by the Nubian Sandstone, 
a continental deposit very similar to the Carpathian Sandstone. 

The resemblances and contrasts enumerated above present an approximate 
picture of the distribution of land and sea in and around the region of India during 
early Cretaceous times. The few Upper Neocomian or Barrem;an fossils of southern 
India are interesting in the light they throw upon the age of the Coromandel coast; 
it is possible that sea covered the Bay of Bengal area during the closing stages of 
the Jurassic, but that it did so by the end of Neocomian times is made certain by 
the presence of this small fauna. The waters over the Bay of Bengal area stretched 
northwards, perhaps over the lower portion of the Gangetic delta but falling short 
•of the Bajmahal hills and the escarpment of the Shillong plateau ; eastward they 

> L. F. Spath, Ann. 3. Afr. Mva., XXVm, Ft. 2, p. 136 (1930). 
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may have covered Burma for, although the Lower Neocomian has not yet been 
identified in that country, the Barremian has been found in the Northern Shan 
States. 

The probabilities are that the west coast was not yet formed, and that India- 
remained united to Madagascar, the two regions together forming, in addition 
to the “ Farsia ” of Stefanini, another and larger island, the*^‘ Lemuria of the 
zoologists. This island, we may suppose, was separated from the main bulk of 
Gondwanaland which still united Brazil, Africa and Australia, by the waters 
which now cover the Bay of Bengal and that part of the Indian Ocean between it 
and the east coast of Madagascar, and by the Mozambique Channel between Mada¬ 
gascar and Africa and its northern continuation to the Tethys. The Mozambique 
Channel seems to have been in existence throughout the Mesozoic era, and the^ 
analogy between the deposits of this age on the west coast of Madagascar and the 
east coast of Africa is striking. Later on, the large island of Lemuria seems to 
have broken up into an archipelago, but the close resemblance of one of the Lameta 
dinosaurs of India to the Laplatasaurm madagascariensisij^ei'^,) of Madagascar 
shows that such fragmentation is not likely to have commenced much before the. 
Senonian epochs At the same time, the Malagassy and Indian dinosaurs,, 
although obviously derived from the same ancestors, are not specifically identical^, 
and the dismemberment of Lemuria may have taken place at some time sufficiently 
previous to the Senonian epoch to allow of the development of the specific differ¬ 
ences noted in these Indian and Malagassy reptiles. 

The Central feature of Lemuria was no doubt the ancient Aravalli range, andf 
if this continued at that time along its present alignment to the Madagascar end 
of the island, it would account for the long strip-like shape of the latter. In the 
present bathymetric configuration of the western half of the Indian Ocean floor 
it is possible to descry the approximate limits of this Indo-Malagassy island con¬ 
tinent. Towards the Madagascar end we find relics of this land in the Nazareth* 
and Saya de Malha Banks, the Seychelles and perhaps the foundations of the* 
volcanic Amirante Islands and Mascarine Islands; at the Indian end are the Chagos,.. 
Maldive and Laccadive Islands and Ceylon; while midway between the two ends,, 
connecting the Seychelles with the Maldives is a large submarine bank sufficiently' 
marked today to prevent the ice-cold Antarctic currents which characterise the 
greater depths of the southern Indian Ocean from gaining access to the Arabian 
Sea. The unusually intimate relationship’ between the present-day so-called 
Dravidian fauna of India—^found south of the Indo-Gangetic plain but not in the- 
Malayan region—and some forms in Madagascar may well be due to the comparati¬ 
vely recent union between the two areas, a union which survived the marine trans¬ 
gressions of the Jurassic and succumbed only in late Cretaceous or more probably 
early Tertiary times to the disruption that accompained the outpouring of the- 
Deccan Trap. The Dravidian fauna includes invertebrates, batrachiana, reptiles 
and'the Mammalian Platacanthomys^ and the amount of divergence it shows 
from the corresponding fauna in Madagascar is no more than would be expected, 
by independent evolution since early Tertiary times. 

Dr. Spath finds that ** the Neocomian transgression in the Salt Bange was pro-^ 
bably a succession of small, local events. The rich and varied ammonite fauna. 


1 Lemoine considers the Malagassy dinosaur fauna to be Turonian-Emsoherian, (Hand- 
buoh der regionalen Geology, VII, 4, p. 11-13 (1011). 

- s W. T. Blanford. PhU, Traw. Vol. 104, pt 335-436 (1001). 
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ever present in the seas of the equatorial belt came in with its typical elements 
in successive waves; it occasionally developed a local tribe that did not spread 
elsewhere, but siich elements do not obscure the general succession of ammonite- 
faunas, safely established 

The same observer points out that there is no record of marine Lower Cre¬ 
taceous in eastern Asia and that the Hongkong Bay depicted on Dr. Grabau’s- 
map* is no longer needed®. 

The Ncocomian fauna of the Indian Ocean region shows sufficient affinity 
with that of America to demonstrate that the Tethys Sea still stretched as far 
west as the country around the Gulf of Mexico and the Caribbean Sea. In Mex¬ 
ico, beds which are either Valanginian or a little younger have supplied forms 
comparable to the Uitenliage species Holcostephenus (Rogersites) atherstoni and 
if. (/?.) haini. The fauna of the Malone beds of Texas is described as similar to 
that of the Uitenhage of South Africa and is not without resemblances to the 
Umia fauna of Cutch. Colombia has furnished a scries which can be correlated’ 
with the Iloplitidae beds of Spiti and whose Valanginian fauna contains species 
of Rogersites and Bochianites resem]»ling Uitenhage forms. The Uitenhage fauna 
how'ever, can be more closely matched in Bolivia, Chili and especially the Argentine 
and the communication betv/een the two regions is more likely to have been direct,. 
along the northern coast of the Southern Ofcean. According to Greober, the 
Argentine has furnished such characteristic Uitenhage forms as Trigonia ventricosa 
Gratnwaiodon joncsi, Uolcost€j)haniis (Rogersites) atherstoni^ II. (R.) regersi and 
//. uiienhensis. Chili has also yielded a Rogersites, and Belemnopsis datagonien- 
sis may lie related to B. africana^. Most of North America remained land 
throughout the whole of the Cretaceous period and a tract of this land* 
separated the Tethys from the Pacific waters which in Lower Cretaceous times 
covered parts of Califoriua and Oregon. 

In the Barremian and Aptian epochs, the Orbitolina Limestone of Gilgit, 
Chitral and neighbouring regions denotes a transgression by the Tethys. Another 
somewhat later invasion of the Cutch area, marked by the Ukra beds, took place 
in Aptian times and reached Persia. Along the Coromandel coast area, on the 
other hand, theTc seems to have been a recession of the sea until the end of the 
Albian epoch which was characterised by a fresh advance w^estw^ards. Continued 
connection with the Australian region w^as maintained ma the Lower Cretaceous 
deposits of »Sumatra, the Sula Islajxds and New Guinea. The Aptian also saw 
a southern extension of previous gulf from the Boreal sea through Russia as far 
as the Caspian and Black Seas ; by Albian times this had reached the Tethys and 
connected the latter with the Arctic waters. In Australia, no marine Cretaceous 
beds have been observed older than Aptian, an epoch w’hich in that region was 
characterised by a glacial phase of no great severity. 

In Albian times there was a return of the sea to the Samaixa Kohat range area 
and probably before the end of that epoch the encroachment of the waters covering 
the Bay of Bengal over the Coromandel coast initiated the deposition which per¬ 
sisted in this area up to and after the end of the Cretaceous period. A similar 
continuous deposition commenced in southern Tibet and also lasted into the- 


1 Pal. Ind„ New Ser., Vol, XXV, Mem. 1 p. 126 (1939). 

* “ Stratigraphy of China **, Pt. H, p. 466, fig. 681 (1928). 

* Ann. S. Afr. Jfiw., Vol. XXVIII, Pt. 2. p. 131-166 (1930). 

* L. P. Spath. Pal. Ind., New Ser., Col. IX, Mom. 2. p. 826 (1933). 
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Tertiary with perhaps a short break at the commencement of the latter; this 
deposition was preceded a little further south along the Tibetan-Indian frontier 
•and in Hazara and Attock by the accumulation of the Giumal Sandstone which in 
some places at least immediately followed the Spiti Shales. The two Giumal 
ammonites.Oxj^^roptdoceraa roissyanum and 0 . acutocarinatum^ are found in the 
Middle Albian of Persia, accompained by two forms from Brazil and Taxes, 0. 
•sergipenlie (White) and O. triniUnse (Gabb.) 

In the Albian and Turonian, and perhaps also in the intervening Cenomanian 
'epochs, we find scanty indications of the presence of sea over what is now the 
west coast of Burma. The Albian of Zululand has affinities with that of Madagas¬ 
car, southern India and Europe, but has no close relationship with the Anglo 
fauna on the west coast of South Africa which seems to have been deposited in 
■an arm of the Tethys stretching sbuthwards, and has marked Mediterrannean 
oharacters.In its details this fauna is most closely related to that of north Africa 
although the phylloceratids and lytoceratids of the latter region did not migrate 
BO far south into the shallower water that covered the Anglo area. This southerly 
arm of the Tethys had reached Angloa in Neocomian times and persisted into the 
Senonian epoch as an open bay covering the Cameroons, and there is no indication 
•of any direct connection with Madagascar and India by way of the Cape in Lower 
Cretaceous times. The latter conclusion seems definitely established by the fact 
that the faunal resemblances of the South African Lower Cretaceous are with those 
of Mozambique, Madagascar and India, rather than with those of Angola^. 
Nonetheless, the Angola fauna has a few species in common with Zululand, Socotra 
and Syria; in its Albian assemblage a Brazilian facies is seen in the presence 
of Pecten [N'eithea''^ aeguicostatus, P. [jV.] tricostatuslTrigonia cr^ulata.Tylostoma 
globo'sum onAAhera gregoryi^. 

It is generally supposed that Africa and South America remained united as 
part of the old continent during the Cretaceous period, and the southern coast 
of this landmass seems to have afEorded a means of direct communication between 
India and Madagascar on the one hand and the southern Andine provinces on the 
other. The Aptian faunas of the two regions are comparable and, in the opinion 
•of Dr. Spath, th.Qp8eudophacocera8 of Zululand probably represents an immigrant 
.Andine element. Nevertheless the Albian transgression which reached Brazil 
'«ame from the north, like that of Angola, and was effected by another and larger 
arm of the Tethys, The genus Knemiceras of the Middle Albian of Persia is found 
in beds of the same age and of shallow-water facies in Peru. The presence in 
Queensland of the peculiar myloceratids (Criocones) found in the Albian of Portu¬ 
guese East Africa and Madagascar is of interest as indicating the persistence of the 
communication with Australia^. 

The Cenomanian of India has several species in common with the Cenomanian 
«f Tunis, Algeria, Egypt, Palestine and Sy^ia. That of Madagascar has close 
^relationships with the ITtatur stage of southern India, as seen in the presence 
such forms as Baculitea haoulMeSy one or two species, of Acanthoceras, cosmo¬ 
politan species and varieties of Pervinquieria, Diptyehooers forbesianum^ Puzosia 
compressa^ Tetre^oniteatimotheanua Oaudryceraa mttUiplea^m, Turrilitea tnber- 
■culatiMf Hibolitea ultimua and two or three nautiloids, many of them European type 


1 A L. Bu Toit, **Geology of S. Afrioa ’% 2nd Edit,, 506 (1939). 

* L. F. Spath. Paperafram Oeol. Depi., Qlaagow Univ,, Vol. VI, 156 (1922). 
» Ptel. Ini.. New Ser.. Vol. XX, Ft. 2,629 (1988). 
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also. Above the Albian over much of northwest India there is a widespread * 
stratigraphical gap, and the absence of the Cenomanian, and in places like Baj- 
putana and the Salt Banges also of the rest of the Upper Cretaceous, points to 
break of appreciable size and probably to emergence and erosion; the first signs 
of renewed transgression are seen in the Lower Lithographic Limestone of Kohat 
and its possible equivalent the Parh Limestone of Baluchistan and Waziristan, 
all of probably Turonian age. 

Thus the Cenomanian, richly developed along the margin of the continental 
area of southern India, is missing from the geosynclinal areas of Cutch, Sind, 
Baluchistan, Kohat and the Punjab ; it may, however, occur in Kathiawar, and has 
been recognised in the eastern parts of Kashmir, and is well developed in the 
‘ Hippuritic Limestone of Afghanistan and Persia. The Cenomanian from the 
Chisil Pass area in eastern Kashmir shows marked affinity in fauna with the Utatur 
and links the latter with Tripoli and Tunis. Dr. Spath calls attention to the 
striking resemblance between the Cenomanian Acanthoceras fauna of Tunis on the 
one hand and that of Portuguese East Africa, Zululand, Madagascar and India on 
the othernothing like this European fauna is to be seen in either west Africa or • 
Brazil. The Cenomanian is represented in Australia, and by deposits in New 
Zealand which, in spite of their great distance away, contain no less than eleven: 
ammonites identica 1 with or closely allied to Utatur species. * 

In central Asia Upper Cretaceous deposits cover a large area and hide nearly 
all older formations ; the latter in fact appear only in isolated patches where the 
overlying mantle has been denuded away. In eastern Asia the Cretaceous is 
mostly of a continental facies, but in Yesso and Sa'ghalin there is a well marked 
Indian type of Upper Cretaceous.® Connecting part of the sequence with the 
Utatur stage are many allied and several identical species, such as Gaudryceras 
sacya, G, multvplexum, Phylloceras veUedae, P, whiteavesi, Acanthoceras rotomayense 
var. asiatica, Tetragonites timoth^eanus, Puzosia crebrisulcata, and Cymatoceras 
virgatvm. The Acanthocerds horizon of the Utaturs is identifiable in one of the 
Cretaceous areas of Brazil, and Utatur forms are found half the circumference of the 
globe away, in California and Queen Charlotte Island in the northeastern Pacific; 
from California come Pervinquieria inflata, Lytoceras mahadevi, Gaudryceras 
sacya, Tetragonities timotheanys and Acantlioceraslyrneri ; from Queen Charlotte 
Island Lytoceras wahadevi^ Gaudryceras sacya, Tetragonites timotheanus^ 
Percinquieria injlata and Hamiles glaher. In the Himalaya the Upper Cretaceous is 
represented by the Flysch and the Chikkim series. 

The Turonian of Persia and Afghanistan is rich in massive rudistid limestone. 
Budistids occur in Baluchistan, but the rarity of these peculiar and character¬ 
istic lamellibranches in the Indian region, except inthe extreme west, is remarkable 
when it is remembered that members of this family are as plentiful in parts of Asia 
such as Asia Minor, Armenia, Persia, Afghanistan, Turkistan and Tibet, as they 
are in Europe or America. Ktihn has described the distribution of the rudistidae 
in Asia^and suggests that the centre of evolution lay in the south European 
portion of the Tethys ; east of the Indian frontier they appear to become scarce. 
Nonetheless, rudistid limestones have been found in the Malaya Archipelago, and 


1 Papers from OeoL Deptt., Qlasgow Univ,, Vol. VI, 168 (1922). 
> P. Marshall. Trans. New Zeal. Inst., Vol. LVI, 194 (1926). 

» P. Kossmat. Pec., XXVUI, 48 (1896). 

« Pee., LXVT, 169-174 (1932). 
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species of tlie geuera Radiolites and Sphaerulites taye been described thereform. 
In Japan rudistids are recorded from the Lower Cretaceous. 

On the west side of the Indian ** Island ”, from the broad channel which united 
the Tethys with the Southern Ocean, a transitory gulf stretched up the Narbada 
valley from Kathiawar. The initiation of this gulf may have taken place as early 
as Upper Albian times, and the ammonites found among its sediments prove 
•definitely that it was in existence in Turonian times; there are no indications 
that it survived the Senonian, at the close of which epoch it seems to have been 
Replaced by a river valley. Contrary to earlier opinion, the Bagh beds of the 
'Narbada valley do show some resemblances to the south Indian faunas and rather 
more to the Trichinopoly and Ariyalur than to the Utatur. One of the faunas at 
Tesso and Saghalin shows a connection with the Trichinopoly fauna of southern 
India in the presence of forms allied to PacJiydiscus peramphis. It is interesting 
also to record the presence in New Zealand of four ammonites identical with or 
closely related to Trichinopoly species. There is evidence of the Turonian sea 
•over the Arakan coast of Burma. The Turonian of Nigeria and the Cameroous 
suggests by its fauna direct marine communication not only with Tunis but 
also with Brazil; the eastern parts of Africa are devoid of ammonite-bearing 
■Turonian deposits. During the latter half of the Cretaceous period the central 
portions of Australia suffered a recrudescence of the early Gondwana glacial 
Nconditions.* 

In Upper Senonian times the waters covering the‘present Bay of Bengal swept 
up to the Shillong plateau, where they left behind a fossil fauna, 42 per cent, of 
which is found in the Ariyalur stage of the Coromandel coast; eastwards they have 
left their traces in the Arakan Yoma and Pakokku district of Burma. On the other 
side of the Indian land area, an extensive encroachment had taken place during the 
Turonian epoch over Baluchistan, Sind, the southwest Punjab, Kohat and Wazi- 
ristan, by the sea which remained there till well into the Teritiary era. Ten per 
cent, of the Hemipneustes Beds and Olive Shale fauna of Baluchistan is found in 
the Ariyalur stage of southern India; Hemipneustes^ which characterises the former 
is the typical echinoid of the Chalk of Maestricht, and the two Baluchistan forma¬ 
tions, whatever their mutual relations may be, probably include a part of the 
Maestrichtian. The Cretaceous of southern Tibet includes stages with several 
fossils identical with forms in the Hemipneustes Beds and Olive Shales(“ Cardita 
subcomplanata beds ”) of Baluschistan and their Persian equivalents. These 
Tibetan faunas also show distict affinities with those of the Coromandel coast and 
Assam, but it is in the fauna collected from the neighbourhood of the Karakoram 
Pass that the latter are more closely paralled; the Kashmir assemblage is in 
fact strickingly similar to the Ariyalur on the one side, and to the Mediterranean 
especially the north African faunas on the other. These marked resemblances 
may be interpreted as signifying either a sea communication between all four 
regions round the north-east cmrner of the did Lemurian island, or else a break¬ 
up of Lemuria with the collapse of the India-Madagascar land connection. The 
.second alternative receives some support from the presence of the Indo-Pacifio 
Maestrichtian species in western Persia, but the first affords a more creclible 


» P. MardiaU. Trans. New Zeal. Inst., Vbl. LVI, 196 (1926). 

• W* Woolnotigh and T.W*S. David# Q.J.G.8., ToL ItXXXU, 349 (1926). 

• a P. Parona# Alt. JR. l^oel, Ser. 6, VeUXXVI. 2 Snc., 58.57 (1917). 
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•^xplaxuttioix of the similarities between the Upper Cretaceous reptiles of India 
and Madagascar^. 

Turning to South Africa, we find faunas in Natal and Pondoland showing* 
affinities with the Ariyalur and especially with the Valudayur sub-stage. The 
Upper Cretaceous fauna of Portuguese East Africa is also related to that of southern 
India. More extensive collecting and a more careful comparison hd.ve shown 
that the resemblances between the faunas of southern India and South Africa are 
not quite so intimate as they were at first supposed to be, and are due in the main 
to a similar assemblage of genera and the occurrence of a number of allied species. 
Out of about 100 species of lamellibranchs and gastropods in the Pondoland fauna 
^only 14 are found in southern India, and some of these, such as Pecten quinque- 
coatatuSf Eripkyla lenticularis, etc., are widespread forms; on the other hand a large 
proportion of the southeast African fauna is peculiar to that region, so much so 
that Pondoland, Natal, Zululand and possibly Portuguese East Africa are regarded 
by some as forming a distinct Upper Cretaceous faunal province in the Indo- 
Pacific region^. The Upper Cretaceous of Madagascar is poor in Ammonoidea 
and has faunal resemblances to southern India rather than to southesat Africa ; 
oommon to Madagascar and southern India are a large number of species. The 
presence in the Upper Cretaceous of both Madagascar and southern India of 
Potamides points to the presence of estuarine sediments. The Indo-Malagassy 
Upper Cretaceous fauna shows closest relations with the faunas of the Pacific 
and Antarctic regions ; the most characteristic element of this Vast Indo-Pacific 
province is Kossmaticeras, a genus found in South Africa as w^ell as in Madagascar 
and India®. The Natal beds contain the following Ariyalur species : Hauericeras 
^ardeni, H. remda, Oaudryceras hayei, Holcodiscus indicus, Pugnellus uncatus^ 
Solariella radiatula^ Pallia pondicherriensis and Turritella hreantiana. In Zululand 
are found such froms as Peroniceras of. dravidicum^ Kossmaticeras [Madrasites] 
bhamni and the Utatur Nautilus (? Oymatoceras) cf. Justus ; half the amraonities 
in the Umkwelane fauna of Zululand consist of Baculites. Many of the Japanese 
species of Paehydiscus are closely allied to or identical with Ariyalur forms*; from 
Yesso come Paehydiscus ariyalurensis^ Hauericerasgardeni and Hamites largesulca- 
tus. The Upper Cretaceous of Borneo abounds in specimens of Nerinea and 
contains Ariyalur fossils such as Hercoglossa trichinopolitensis, Bxogyra ostracina 
and the widespread long-ranged Terebratula biplicata. The affinities of the Upper 
Benonian of Angola are with both north Africa and Pondoland. 

Ariyalur types have been recognised in widespread regions, and the Indian 
Upper Cretaceous would appear to form a link between that of the Pacific and 
that of the Atlantic areas. In the* Upper Chico formation of California we find 
jPachydiscus newberryanus Gabb, a species very close to P. otacodensis (Stol.), while 
Tancouver has yielded several types close to or identical with Ariyalur species, 
such as Pseudophyllites indra (Porb.), Paehydiscus newberryanus Gabb. P. otaco’- 
densis (Stol.), P. aff* tweenianus (Stol,), Heterocerascooperi'Keek, Baculites aeciden- 
dalis Meek, a form close to the Indian P. ^nigina Porb., Hauericeras gardeni Baily, 
Gaudryoeras juhesi (? Sharpe) which is nearly identical with 0, kayei (Porb.), and 
Mamites obstructus, a close relative of H, rugalus Porb. in the Ariyalurs. In South 

L. 1£ Davies. Proc. 6th. Pac. Sei. Oangr., 1939, p. 416. 

* Trans. Boy. Soe. 3. Afr.^ Vol. X, 114 (1992). 

• L. P. Spath. Ann, 3. Afi. Mus.^ Vol. Xll, p. 272 (1921). 
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America, Chile has funushed Baculities vagina Forb., PhylloceraB sutya (Forb)>. 
Oaudryceras hayei (Foirb.), 0. varuna (Forb.) and Pugnellus uncatus (Forb.). A 
Senonian transgression occurred in Patagonia. 

^In southeast Africa there is a similar mixture of Atlantic and Pacific ammonoids.. - 
South Africa seems to have derived the Indo-Pacific elements of its fauna directly 
from India along the eastern coasts of the Lemurian islands and not by way of the 
ocean which included the south Pacific ; this deduction is made by Dr. P. Marshall 
mainly on account of the absence of Atlantic ammonite types from the faunas of 
the Antarctic Seymour Islands and New Zealand. The faunas of Pondoland and 
Seymour Island have no lamellibranchs or gastropods in common, but 22 per cent, 
of the ammonites from the former are represented by identical or closely allied 
species in New Zealand. No less than 34 per cent, of the Ariyalur ammonites 
are found as either identical or related species in the Upper Senonian of New Zea - 
land ; this resemblance between two such distant faunas is so marked as to suggest, 
in the opinion of Dr. Marshall, a more or less continuous coast-line connecting 
the two areas, especially in view of the fact that soihe of the allied forms, such 
as the species of Ptychoceras^ belong to genera which have limited powers of dis- 
persion*. Species of Baculiies, Kossmaticeras and Gaudryceras also illustrate the- 
close afiSnity between the Senonian faunas of New Zealand and Southern India. 
These faunas are also intimately related to a similar Campanian fauna in Seymour* 
Island ; here the afiSnity is seen not only in the ammonites but also in molluscan 
species of Amherleya and Thyasira very similar to species found in New Zealand 
and with them specimens of Inoceramus concentricus. 

The Danian, Palaeocene and Eocene appear to be unrepresented by marine- 
strata in Australia, which during this long interval was reduced to an almost perfect 
peneplain. During Upper Cretaceous times. South Africa, Madagascar, southern 
India, the Antarctic region (Seymour Island), South Patagonia, Borneo, Japan, 
Saghalin, Vancouver, California, New Caledonia, Chile and New Zealand, all seem, 
to have belonged to a single extensive biogeographical province. The extremely 
close resemblance of the Kossmaticeras beds of Pondoland with those of Antarctica,. 
South Patfigoma, Chile and New Zealand is taken as an indication that Africa was . 
still united to Brazil in Upper Senonian times. 

The Niniyur beds of southern India have their counterpart in the Danian of 
Portuguese East Africa, and the equivalent Cardita beaumonti fauna of Baluchis¬ 
tan, Sind and the Arakan Yoma has been recognised in Persia, the Sudan and the 
Pyrenees. It is interesting to find in beds of the same age in Brazil a variety of ^ 
Pyrazus pernanus (White), a gastropod which in the Niniyur Beds of Southern 
India is associated with a variety of Hereoglossa donica (Schloth.); the Brazilian 
beds are devoid of cephalopods. At the end of the Cretaceous period the central - 
and northern parts of Persia were elevated to form land which has persisted to the 
present day ; the southern part of this country remained under marine conditions 
till a much later date and the Persian coast of Cretaceous times lay much farther 
north than it lies today. Before the end of the period, there are indications that 
the Himalayan geosyncline became closed at its eastern end and India permanent¬ 
ly united with the Angara landmass by way of the Assaih promontory. Tho 
volcanic disturbances which began probably before the end of the Cretaceous period, 
but reached their maximum in early Tertiary times are described in chapter* 
XXVIl. _ ■ _ . ^ 

1 TmiM; New Zeal./Ml., Vol. LVl, 205 (1^^ 
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